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ABSTRACT
MOTOR, ATTENTIONAL, AND HAPTIC DEVELOPMENT IN FULL-TERM
INFANTS AND IN INFANTS BORN PRETERM
MAY 2003
LAURA P. O’SULLIVAN, B.S., TRINITY COLLEGE
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACUSETTS AMHERST
Directed by: Professor Neil E. Berthier
Many aspects of development appear to follow a trajectory that is, in part,
dependent upon biological maturity. Reaching, attention, and haptic development
proceed along trajectories that progress from slower, less controlled forms of behavior to
quicker and more optimal forms. In the absence of major medical complications, preterm
development has been hypothesized to follow biologically based trajectories. Based on
this assumption, preterm and full-term development are often equated, following
correction for prematurity.
This study examined the reaching, attentional, and haptic development, and
novelty/familiarity preference, of full-term (6-, 8-, and 10-months) and preterm (8-, 10-,
and 12-months) infants, using a longitudinal paired-comparison paradigm. The majority
of the preterm infants were considered to be healthy and of low-risk status, with an
average gestational age of 34 weeks and an average birth weight of 4.91 pounds.
Behavioral and kinematic measures were assessed and compared within and between
groups, in an effort to determine how, if at all, development was affected by preterm
birth.
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The lesults reveal a complex developmental trajectory for preterm infants, with
patterns of behaviors following paths that were similar but advanced, similar but delayed,
and atypical, when compared to full-term infants. In addition, the patterns of
development were not consistent within any one area, with similar/advanced,
similar/delayed, and atypical behaviors prevalent within the reaching, visual attention,
and haptic domains.
Despite the behavioral differences of the preterm infants, their functional abilities
were similar to those of the full-term infants. Preterm infants were just as likely to reach
for and obtain the object of interest, even though certain aspects of the developmental
trajectory of the reaches differed from those of full-term infants. In addition, although
the preterm infants’ visual and haptic explorations differed, both quantitatively and
qualitatively, from those of the full-term infants, they distinguished and prefeiTed the
novel toy as readily.
Thus, correcting for prematurity does not sufficiently equate preterm and full-
term infant development. Preterm birth appears to fundamentally alter aspects of
development, which results in behaviors that cannot be measured by comparison with
full-term development. Instead, preterm infants should be evaluated based on the
characteristics inherent in the preterm population.
vii
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CHAPTER I.
MOTOR, ATTENTIONAL, AND HAPTIC DEVELOPMENT
OF FULL-TERM INFANTS
A. Introduction
With the development of coordinated action, new avenues for interactions with
the environment become available to the infant. No longer is the infant entirely
dependent upon caregivers in order for all needs to be met. The infant can now act on,
and react to, the environment in a multitude of ways, which allows the infant to directly
influence circumstances of everyday life. Reaching is one of the earliest means by which
an infant gains such control. With this ability, the infant can interact with the
environment instead of passively watching it pass by. The infant can now begin to
haptically explore objects that previously could only be examined through vision. Such
haptic exploration affords the ability to begin to learn about new aspects of object
properties and allows mapping to occur between what is visually learned and what is
physically encountered. This mapping, in turn, leads to a greater understanding of the
environment and the effect of actions upon it.
The literature concerning development within the preterm population leaves
unclear whether or not the progression of coordinated action differs from that of the full-
term population. The physical interactions in which full-term infants so readily engage
and from which they learn may be limited or altered in the preterm population. Of initial
interest is whether or not there are delays in the achievement of motor milestones in
infants born preterm and whether or not there are any cognitive/perceptual delays in
achievement. Second, if any such motor and cognitive/perceplual delays are present, do
they run concurrently, or do motor abilities and cognilive/perceptual abilities develop
separately. If such a connection between motor abilities and perception exists, what are
the ramifications of delays in one area on the development of the other? If, however, the
two abilities develop separately, is visual attention sufficient for much of the perceptual
learning that occurs during the first year of life?
The interests of this study, then, are three-told. First, an in-depth analysis of the
development of visual attention, reaching, and haptic exploration will be examined in the
full-term sample. Second, a similar analysis will be performed with the preterm infants.
Third, development of the two samples will be compared in order to gain a clearer
understanding of the effects of premature birth on the developing infant.
B. Motor Development
1. General Motor Development
There are many theories regarding the development of coordinated action. They
range from a genetic blueprint that specifies exactly how coordination will unfold
(McGraw, 1943), to development being based on constraints imposed by the developing
infant as well as by the environment (Kugler, Kelso, & Turvey, 1980).
The genetic determination theory of development of coordinated action evolved
due to the striking similarities of progressive actions found from individual to individual.
It had been assumed that such similarities could only be the work of a genetic code
inherent in all individuals of a given species that detailed how and when skilled action
would develop (McGraw, 1943; Gessell, 1952). However, although genetics clearly play
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a role in such development, it is unlikely that it alone can account for the diverse motor
abilities found m an individual. It is unlikely, in part, because there are too many factors
that must be controlled in order for actions to be performed successfully.
Since skilled action develops at the same time as the infant is physically maturing,
there are a myriad of influences that affect the infant’s ability to interaction with the
environment. Among other things, the infant must constantly learn to alter the force
applied to a movement as the mass and dynamics of the body change (Sporns &
Edelman, 1993). In addition, the act to be performed must be altered based upon the
constraints of the environment, which are constantly fluctuating. Finally, as any number
of movements can produce the same outcome, the infant must select and execute that
action which is most suitable for the task at hand (Bernstein, 1967).
Clearly, such a vast number of influences present for a given action cannot be
determined through genetics alone (Newell, 1986). No genetic program can specify how
each possible action will occur, as the need for such a vast number of genetic programs
would be inconsistent with the capabilities of the genome infants possess. Thus, it must
be the combined influences of genetics and the environment that, ultimately, result in the
constraints that govern the development of coordinated action.
What are these constraints on the development of action and how do they interact
to produce skilled movements? In a seminal work, Bernstein (1967) addressed this issue
with regard to the degrees of freedom that must be controlled in order to produce
coordinated actions. He noted that performing the same action repeatedly did not result
in the production of exactly the same movement. Instead, the degree to which varying
muscle groups and joints were activated, as well as the trajectory of the movement.
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varied from action to action, despite the fact that the goal remained the same. Clearly,
individuals do not directly adjust all possible muscle activities during attempts to interact
with the environment but, instead, settle on particular general patterns of movement that
enables them to accomplish the intended goal (Bernstein, 1967; Newell, 1986).
The multitude of possible actions resulting from the degrees of freedom of the
muscles and joints appear to be constrained in the developing infant by reducing joint
angle changes not needed for the intended action. This constraint can be accomplished by
fixing joints through contraction of muscles, thus producing a linked system which acts
as one unit, as opposed to the uncoordinated functioning of individual muscles and joints
(Kugler, Kelso, & Turvey, 1980; Berthier, Clifton, McCall, & Robin, 1999). This linked
system, or synergy, is a simplified set of movements characterized by the restrictions
imposed across and within the joints (Bernstein, 1967). These limitations drastically
reduce the available degrees of freedom for a given action, allowing the infant better
control of movements (Bernstein, 1967; Sporns & Edelman, 1993). The same types of
synergies used for reducing degrees of freedom in joints and muscle groups of infants are
also found in adults when they learn new motor routines (Vereijken, Van Emmerik,
Bongaardt, Beek, & Newell, 1997).
In addition to bodily constraints, actions are also restricted by the goal of the
intended action (i.e. grasping, batting, throwing, etc.) and by the properties of the object
toward which the action is directed (i.e. size, weight, shape, etc.). Thus, it is the
interaction of three different systems, those of the infant, those of the intended action,
and those of the intended target, which are necessary for successful interaction with the
environment (Newell, 1986; Thelen, 1995). The story becomes even more complex,
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however, because actions are not unimodal. Instead, in addition to controlling the motor
parameters necessary to produce an action, information from the infant’s proprioceptive
and visual systems must also be integrated during the movement (Thelen, 1995). Such
integration is thought to begin with the development of spontaneous movements and to
continue through deliberate, exploratory movements. For example, when an infant
performs a particular action, the action produces a series of sensory reactions, includinu
changes in visual and proprioceptive information, which are available to the infant. With
the repetition of similar movements, it is hypothesized that the infant develops a model
which links, and therefore predicts, the sensory consequences involved in the execution
of different types of movements (von Hofsten, 1993). This type of model, known as a
forward model, allows the infant to gain prospective control over interactions with the
environment.
Prospective control is also necessary for the successful execution of deliberate
movements (von Hofsten, 1993). This requirement arises from the need to anticipate and
to adjust for perturbations of the individual produced by the movement, as mentioned
above, and by the need to interact with a non-static environment. When an infant moves
a body part such as an arm, the effects are not restricted to the arm alone. Instead, the
movement alters the equilibrium of the infant’s posture, requiring prospective
compensation in order for the infant to maintain an upright position. In addition, since
there is a time lag between when an infant decides to act and when the action is initiated,
and since the environment is ever changing, the infant must act prospectively in order to
counter changes in the environment (von Hofsten, 1993).
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To react, instead of act, to perturbation.s of titc body and the environment would
result in the infant failing at the intended action, as the circumstances involving the
action would have changed by the lime the action was produced. Once again, the need
toi perspective action elucidates the need for coordination of perception and aclion
systems (von Hofsten, 1993). Without such an interaction, prospective control would be
impossible, resulting in the lack of appropriate alterations to the movement. Such
ignorance would result in an infant incapable of learning from interactions with the
environment, because the information necessary for such learning (i.e. an understanding
of the infant’s actions with respect to environmental factors) would be missing.
2. The Development of Reaching
From birth, early arm movements prepare the infant for later goal-directed
reaching. Research has shown that as early as the first week of life, infants attempt to
contact objects in their environs (White, Castle, & Held, 1964; Bower, Broughton, &
Moore, 1970; White, 1971; von Hofsten, 1982; Bloch, 1994; Ennouri & Bloch, 1996).
Initially, attempts to contact such objects occur as the result of ballistic movements
(Bressen, Maury, Peraut-Le Bonniec & de Schonen, 1977). Such movements, while
aimed in the direction of the object, are usually called prereaching movements because
they lack the control necessary to obtain the object at the end of the movement, a
requirement inherent in the act of reaching (Trevarthen, 1975; von Hofsten, 1984).
However, these ballistic movements still show intention on the part of the infant to
interact with the environment, and they appear to be the precursor of the subsequent
development of planned reaching (White, Castle, & Held, 1964; White, 1971).
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As a motor action, reaching progresses following the same rules and constraints
as do many other purposeful actions. Therefore, it too requires the integration of the
visual, proprioceptive, and motor systems, in order for the necessary prospective control
to occur. The integration is accomplished by the development of synergies (i.e. linked
systems of muscles and joints) learned from early repetitive movements (Bernstein,
1967). Eventually, practice results in reaches that can be directed with little conscious
control by the infant (Passingham, 1996), thus allowing attention to be focused on the
object of interest instead of the mechanics of the reach.
As mentioned previously, initial reaching is made easier by the constraints
imposed on the degrees of freedom of the joints and muscles of the arm and trunk
(Berthier et al., 1999). The use of such constraints or synergies provides the beginning
reacher with the stability and control necessary to perform the reach. These constraints
are manifested by locking the trunk joints, thus providing postural stability, and by
locking the elbow and wrist joints, thus reducing the degrees of freedom of the arm
(Berthier et al., 1999).
These constraints, however, are not rigidly defined, such that each time an infant
initiates a reach, the degrees of freedom are not constrained in exactly the same manner.
Instead, the method by which the infant produces the movement is dependent on both the
developmental status of the infant and the context of the reach (Thelen et al., 1993;
Zernicke & Schneider, 1993; Thelen & Smith, 1994; Berthier, 1997). Thus, early
reaching, although constrained, retains enough flexibility to allow the infant to react with
the most appropriate action. In addition, such flexibility allows the infant to discover
new ways of interacting with the environment, which sets the stage for the development
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of more mature reaching patterns (Thelen et al., 1993; Zernickc & Schneider, 1993;
Thelen & Smith, 1994; Berthier, 1997). With the use of these constraints, the infant can
concentrate on other requirements of the reach, such as adjusting hand orientation to
allow alignment of the hand with the object (von Hofsten, 1993). As mentioned
previously, attainment of the object of interest is an inherent aspect of a planned reach.
Thus, such adjustments to the orientation of the hand are an important aspect of
successful completion of the reach.
Prospective control of reaching also develops as the infant matures (Bruner, 1970,
1973, Mathew & Cook, 1990; von Hofsten, 1993). This prospective planning may allow
the infant to guide the reach by comparing its present movement with the movement
needed for contact, and then altering the movement to match the intended result (Bruner,
1970, 1973; Mathew & Cook, 1990; Berthier, 1996). Since prospective control develops
with age and experience, beginning reachers have a limited ability to direct their reaches
in this global manner. Instead, the infant begins to reach by using a series of small
submovements (von Hofsten, 1991, 1993; Berthier, 1996). These submovements allow
the infant to gage the progression of the reach at each step toward the goal, and to alter it
accordingly. Thus, the need to prospectively plan and execute the entire reach is reduced
to the need to select each submovement. With experience, however, the infant gains
greater control over the motor aspects of the reach, which also extends the degree to
which prospective control can be utilized to plan and execute the reach. As a result, the
initial submovement lengthens, encompassing the majority of the reach, resulting in
fewer successive submovements (von Hofsten, 1979). The trajectory of the reach also
becomes smoother and more direct (von Hofsten, 1993).
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Completion of a reaching action involves two different phases (Jeanncrod, I9S4;
von Hofsten & Ronnqvist, 1993). First, a transport phase of the reach is required to
move the hand to within the vicinity of the desired object. This phase occurs through the
series of submovements discussed above. Second, a grasp phase is required to obtain the
object. Although the two phases are linked, they do not appear to be regulated by the
same mechanisms. Thus, control of the arm, or the transport phase, is governed by a
proximal motor system
,
while control of the hand, or grasp phase, is regulated by a
distal motor system (Kuypers, 1981; Jeannerod, 1986). As with much of development,
control of reaching appears to proceed in a proximodistal fashion, with the infant gaining
control of the trunk and proximal regions of the arm prior to control of the distal regions
of the arm and of the hand (von Hofsten, 1979, 1984; Berthier et al., 1999). As a result,
infants are able to approach an object at a much earlier age than they are able to grasp it
(Fetters & Todd, 1987; Berthier et al., 1999).
How these two phases interact is a function of the goal of the action. When the
goal is to acquire an object, deceleration of the transport phase is more protracted
(Marteniuk, Mackenzie, Jeannerod, Athenes, & Dugas, 1987; Marteniuk. Leavitt,
MacKenzie, & Athenes, 1990). The degree of the deceleration is tied to the properties of
the object to be acquired. For example, research with adults has found that when an
object is more easily graspable, it requires a less pronounced deceleration period than
when it is less easy to grasp (Marteniuk et. al, 1987; Wallace & Weeks, 1988; Marteniuk
et al., 1990; Castiello, Bennet, & Paulignan, 1992; Berthier, Clifton, Gullapalli, McCall,
& Robin, 1996). In addition to changes in the transport phase of the reach, the grasp
phase is also affected by the difficulty of the task, with adults achieving maximum
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aperture of the hand at progressively earlier stages of the reach during increasing difficult
tasks (Marteniuk et al., 1990; Jakobsen & Goodale, 1991 ).
3. The Role of Experience in Re;irhina
Experience has been shown to have a profound effect on the different aspects
involved in successful reaching, von Hofsten (1989) and Wentworth, Benson, and Haith
(2000) found that with increasing age and experience, infants became more proficient at
correctly orienting their hands prior to contact with an object. While at five months of
age, infants rarely oriented their hands correctly, by eight months of age, alignment was
vastly improved and by eleven months of age, infants were always successful at correctly
orienting their hands. Wentworth et al. (2000) suggest that the increased proficiency is
due largely to the input of visual guidance, which begins to develop around 5 months of
age and becomes more accomplished as the infant matures. This visual guidance allows
the infant to gather information as to the location and orientation of objects, resulting in
more accurate reaches and grasps. Once again, these reactions to task changes result
from an interaction between the visual, proprioceptive, and motor systems involved in the
reach, and allow for prospective planning (Castiello, Bennet, & Paulignan, 1992;
Castiello, Bennet, & Stelmach, 1993).
Having become proficient at relatively easy reaches, infants then proceed to
further develop their skills by learning to execute more and more difficult reaches
(Bruner, 1970, 1973). For example, having perfected reaches for a large object, infants
will then attempt to alter their skills in order to reach for a small object. Since this is
likely to be a more difficult task, the transport phase of the reaches will once again
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resemble those of the beginning readier, with more submovements occurring along with
a slowed and irregular trajectory (Bruner, 1970). As the infant becomes skilled at this
new task, however, the transport phase will once again mirror that of more mature
reaches, with fewer submovements and straightcr and faster trajectories.
The grasp phase also improves with development. When infants first begin to
reach, they are only able to crudely approximate the orientation of the hand and grip
aperture with respect to the object being sought (von Hofsten, 1993). As a result, prior to
six months of age, the majority of infants fail to correctly match their grip aperture to the
size of the object until contact has occurred (Connolly & Elliott, 1972; Jeannerod, 1986;
Newell, Scully, McDonald, & Baillargeon, 1989; von Hofsten, 1993). By eight months
of age, however, infants begin to anticipate the needed aperture and correct for it during
the course of the movement toward the object. Such alterations result in the correct grip
size upon contact, thus increasing the chances of attainment of the object (Jeannerod,
1984, 1988; Newell et al., 1989; Newell, McDonald, & Baillargeon, 1993; von Hofsten,
1993; Bertenthal & Clifton, 1998).
It is hypothesized that the production of these skilled movements results in the
strengthening of neuronal connections, which ultimately leads to a repertoire of action
sequences from which the infant can draw for future use (Sporns & Edelman, 1993;
Thelen & Smith, 1994). Through repetitive actions, this repertoire is progressively fine-
tuned between and within modalities, resulting in mature actions which combine
information from the motor, the proprioceptive, and the visual systems (White, Castle, &
Held, 1964; White, 1971; von Hofsten, 1993; Thelen, 1995). Mere observation alone
does not provide the infant with the information necessary to integrate the different
systems involved in reaching. Instead, interaction with the environment is necessary tor
the coordinated development of these systems (White, Castle, & Held, 1964; White,
1971).
Support for the need for interaction with the environment in order to integrate
information trom the different sensory and motor systems can be found in the results of
animal research. Held and Hein (1963) found that when kittens were visually exposed to
their environment while being passively moved through it, they failed to develop an
integrated sense of how their subsequent actions would interact with the environment.
For example, when passively moved downward toward the edge of a platform, kittens
with no integrative experience failed to react by placing a paw on the platform’s surface.
Such placing, which is a normal reaction in kittens having had integrative experiences,
fails to develop in the deprived kittens until they are allowed to integrate their visual,
proprioceptive, and motor systems.
When examined from the standpoint of the developing infant, these results
demonstrate that without the necessary integration of visual, proprioceptive, and motor
experience, infants are also unlikely to be fully successful at interactions with the
environment, as some of the information necessary for such interactions would be
missing. Through interactions with the environment, however, infants develop the ability
to perceive changes in their bodies and within the environment and to respond
prospectively (von Hofsten, 1993). Thus, actions can be generalized regardless of
changes that occur due to growth of the infant or alterations of the task. The progression
from reaches characterized by many submovements and corrections to those which
become increasingly smooth and accurate is a result of experience involving interactions
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with the environment as well as of the physical maturation of the infant (von flofsten.
1993; Thelen, 1995).
4. Physiological Fnctor>;
a. Directional Control
The motor cortex is uniquely qualified to inlluence movement as a result of the
information it receives from other areas of the brain. Among the areas projecting to the
motor cortex are the cerebellum, via the ventrolateral nucleus of the thalamus, the
somatosensory cortex, the premotor cortex, and the association cortex (Georgopoulos,
Taira, & Lukashin, 1993; Asanuma & Paulides, 1997). One of the functions that the
motor cortex plays during reaching is in directional control of the arm. Vectors of cells
have been found within this region, which respond differentially to directive movements.
They begin firing prior to the start of a reach and continue to fire throughout its
progression. This firing appears to be the result of both internal and external input,
including input from subcortical structures such as the basal ganglia and cerebellum and
projections from the thalamus (Georgopoulos, 1995).
Support for the role of the motor cortex in the directional control of the arm can
be found in animal research, in which the results of damage to this area of the brain are
examined. Hoffman and Strick (1995) found that damage to the primary motor cortex in
monkeys resulted in errors in the transport phase of the reach. Specifically, they found
that the transport phase took longer and was no longer straight and continuous, as it had
been prior to the damage. Instead, corrective submovements were required in order for
the reach to be successfully completed. Such corrections are reminiscent of the strategy
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that infants use during the process of learning to reach (von Hofsten, 1979. 19S9. 1991
;
Berthier, 1996).
Directional control of the arm also appears to be modulated by area 5 of the
posterior parietal cortex (Kalaska, Caminiti, & Georgopoulos, 1983; Gcorgopoulos,
1995; Georgopoulos, 1995; Schweighofer, Arbib, & Kawato, 1998). This area seems to
be involved with planning and monitoring the movement, since it is activated prior to the
start of movement and also appears to match the progression of the movement to the
intended outcome. This monitoring appears to be the result of the input of proprioceptive
(Kalaska, Caminiti, & Georgopoulos, 1983; Georgopoulos, 1995) and somatosensory
input (Stein, 1995). In addition, projection of area 5 to area 6 is assumed to provide
spatial information throughout the course of the movement. Thus, the posterior parietal
neurons work to convert and combine sensory and motor information, resulting in the
ability to direct movements to objects to which the infant attends (Stein, 1995).
Support for the posterior parietal cortices’ involvement in the transport
component of the reach is found in the effects on reaching abilities following lesions to
this part of the brain. Individuals who suffer lesions to this region produce large
movement errors with the contralateral hand unless visual feedback is available to be
used as a compensatory tool (Jeannerod, 1986). Movement duration is also affected, with
movements requiring extended periods of time, regardless of visual input.
b. Proximal and Distal Control
As mentioned previously, successful reaching requires the control of both the
transport phase and the grasp phase of the reach. Proximal control of the arm is governed
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mainly by the reticulospinal and rubrospinal systems, whereas distal control of the hand
and fingers is organized by the later developing corticospinal system (Kuypers, 1 9K 1 ).
The proximal control of the arm is governed, in large part, by connections between the
motor cortex and motoneurons through propriospinal interneurons within the C3-C4
segments of the spinal cord (Georgopoulos, 1991). When these interconnections are
damaged, proximal directional control of the arm is severely affected, while control of
the distal regions of the arm and hand remain intact (Georgopoulos, 1991 ).
The distally controlling corticospinal tract descends through the cerebral peduncle
into the lower brain stem and joins the pyramidal tract (Kuypers, 1981). Many of the
corticospinal and corticobulbar fibers then continue downward and are distributed
throughout the gray mater of the spinal cord to motoneurons and somatosensory nuclei,
respectively (Kuypers, 1981). In addition to the relatively late myelination of these
tracts, which does not increase until about the eighth month (Jeannerod, 1986, 1988), the
full complement of corticospinal connections to motorneuronal cell groups are not
believed to be established until approximately eight months of age (Kuypers, 1981).
Thus, the delay in myelination and in the establishment of connections may account for
the delayed control of the grasp phase, as compared to the control of the transport phase
in full-term infants (von Hofsten, 1979). In addition, when damage occurs to the
corticospinal tract, the ability to independently move the fingers and grasp objects is
severely affected (Kuypers, 1981).
Integration of these two components is necessary for successful reaching since
modulation of grip aperture must occur during the transport phase of the reach in order
for proficient reaching to develop (Jeannerod, 1988). If these components occuiied
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strictly in parallel, grasping of objects would be inaccurate and often unsuccessful.
Instead, as mentioned previously, reaching appears to be controlled through a forward
model in which motor sequences and their subsequent proprioceptive consequences are
linked, resulting in the ability to respond prospectively to interactions with the
environment (Bernstein, 1967; von Hofsten, 1993; Thelen, 1995). The integration or
linkage appears to occur, in part, as information is passed from the posterior parietal
cortex, through the mossy fibers, to the cerebellar cortex, in order to regulate timing of
the entire movement (Stein, 1995; Schweighofer, Arbib, & Kawato, 1998). This
information is believed to act as an error input, in order to inform and correct subsequent
movements. Such integration appears to stem, in part, from the maturation of the
cerebellum. With development, the cerebellum functions to integrate information from
both the proximal and distal systems, resulting in well coordinated, multi-joint actions
(Ojakangas & Ebner, 1994). When these connections are interrupted, visually directed
reaching is severely disrupted (Stein, 1995).
Distal control of the hand is composed mainly of cortico-motoneuronal
projections from the primary motor cortex (Lemon, 1995). These projections have been
found to directly influence the motoneurons that innervate the muscles of the hand and
fingers. This control is evident from the fact that there is a correspondence between
dexterity of the fingers and the corticomotor projections. In primates, the development of
independent finger movements occurs in parallel with the development of these
projections. Furthermore, the corticomotor neuronal projections are only activated
during precision grips and not during palmar grips, which do not require individual finger
movements (Lemon, 1995). These projections also appear to play a role in texture
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detection, as they respond differentially to textures by altering grip force in response to
different textural properties. Of course, these motor neurons do not act in isolation.
They receive many inputs from the periphery, as well as from the posterior parietal
region and from pyramidal neurons (Lemon, 1995).
As with directional control, grip aperture is also affected by lesions to the
posterior parietal region. Jeannerod (1986, 1988) hypothesized that defects in grip
aperture result fiom an inability at the sensory level to ‘assess’ and respond to object
features such as size and shape. This inability to respond accurately is the result of a
disconnection between the visual pathways and the posterior parietal sensory areas. The
lack of such integration is believed to occur in area 7, due to a “short-circuit”. Thus, both
visual and somatosensory pathways must be functioning in order for the infant to
comprehend and respond to object properties (Cambridge, Davis, & Minden, 1997).
c. Learning Motor Movements
Of particular importance during the learning of motor movements are the Purkinje
cells and the climbing fibers within the cerebellum. In primates, activity in these cells
has been found to increase 200-300 ms prior to initiation of a reach (Ojakangas & Ebner,
1994). However, this increase is found primarily during the stages of learning a motor
action, and tends to subside once the learning of an action has been achieved. It is
hypothesized that this activation results from errors made during previous movements
(Ojakangas & Ebner, 1994; Stein, 1995; Schweighofer, Arbib, & Kawato, 1998). Thus,
the activation appears to be intended as a corrective function for multi-joint movements,
effecting both velocity and kinematics. This coiTective function occurs bilaterally within
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the cerebellum during learning (Jueptner et al., 1997b). However, once an action has
been learned, control of subsequent movements reverts to lateral control. Therefore, it
appears that the input of the mossy fibers and the climbing fibers combine to regulate
interactions with the environment (Stein, 1995; Schweighofer, Arbib, & Kawato, 1998).
Also active during the learning of motor movements are prefrontal and premotor
regions of the cortex, the somatosensory cortex, and the caudate of the basal ganglia
(Jueptner et al., 1997b; Shadmehr & Holcomb, 1997). It is hypothesized that these areas
are initially activated because the learning of new motor movements requires that
attention be directed to the action. However, following learning, input from these areas
becomes consolidated, such that their activation is no longer required to produce a
learned movement (Asanuma & Paulides, 1997; Jueptner, Frith, Brooks, Trackowiack, &
Passingham, 1997a; Juptner et al., 1997b). Instead, the consolidation leads to increased
activation of the lateral cerebellum for the regulation of learned movements. When the
cerebellum is compromised, however, the ability to guide previously learned movements
during reaching is severely affected (Cambridge, Davis, & Minden, 1997).
d. Postural Control
Along with control of the arm and hand, postural control is also an integral aspect
of the development of reaching (von Hofsten, 1993). With the movement of the arm, a
change in the ‘point of gravity’ occurs for the infant (von Hofsten, 1993). In order to
maintain balance, the infant must be aware of this change and react to it by a tightening
of the trunk muscles to counter the forces of the arm movement (Reed, 1982). This
coordination appears to be controlled by descending projections of various brain stem
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regions, most prominently the vestibular nuclei (Kuypcrs, 1981 ). By eight or nine
months ot age, infants are able to anticipate the need for postural reactions during
reaching and to plan accordingly. With this skill, bimanual reaching can occur, since the
infant no longer needs one hand to maintain balance (Rochat & Goubet, 1995). Thus,
reaching requires awareness and coordination of much of the body in order to be
successful (Reed, 1982; von Hofsten, 1993).
C. Attentional Development
1. Attentional Processes
The ability to attend to individual aspects of the environment is critical to learning
ways in which one can interact with it. The environment is made up of a constellation of
sights and sounds, shapes and colors, textures and smells. Without the ability to perceive
and differentiate relevant objects and experiences within the environment, one would be
unable to function, much less learn from the environment.
There are three phases of attention that help to govern an infant’s ability to
interact with the environment. They are the orienting phase, the sustained attention
phase, and the attention termination phase (Sokolov, 1963; Casey & Richards, 1991; Ruff
& Rothbart, 1996). The orienting phase is triggered when objects within the visual field
initially “grab” the infant’s attention (Sokolov, 1963; Ruff & Rothbart, 1996). Such
orientation is believed to be due to an involuntary response and lasts for approximately
five to six seconds (Richards, 1989). This orienting has been called an “attention
getting” processes that determines to what the infant will orient (Cohen, 1972).
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DeLoache, Rissman, and Cohen (1978) argue, however, thai this aiienlion gelling
process is not completely Independent of an infant’s intentional abilities. Instead, by four
months of age, infants begin to respond differentially to objects with which they have had
experience or which are more salient. Thus, with development, infants begin lo gain
some control over what “captures” their attention. Research has found that, among the
many possible characteristics that make an object more salient, infants from three to nine
months of age, are strongly influenced by the novelty and complexity of an object and are
particularly reactive to objects that can be acted upon (Ruff & Rothbart, 1996).
Following the attention getting process, or orienting response, there is an
attention holding process which allows the infant time to gather information about a
stimulus (Cohen, 1972). Such an attention holding process is evident during sustained
attention, the period of examination that follows the orienting phase. While the orienting
phase is sufficient for the infant to gather enough information about a stimulus in order to
determine whether or not it merits further exploration (Cohen, 1972), the sustained
attention phase allows the infant time to gain detailed information about the object
(Neisser, 1967; Richards, 1989; Ruff, Capozzoli, & Saltarelli, 1996; Ruff & Rothbart,
1996). As with the orienting phase, attention is narrowed during the sustained attention
phase, such that competing stimuli can be ignored and the energy needed to explore can
be directed to the object under consideration (Ruff & Rothbart, 1996). The onset of
sustained attention is behaviorally defined by a period of motor quieting, intent facial
expressions, and cessation of vocalizations (Ruff & Rothbart, 1996; Ruff et al., 1996).
Following a period of information gathering, infants’ attention disengages from
an object. Like the sustained attention phase, the disengagement phase requires active
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effort on the part of the infant (Posner & Presti, 1987). Although a difficult task lor
young infants, by five to six months of age, infants are mt.re easily able to disengtige tmd
redirect their attention elsewhere. As a result, other objects in the environment can now
capture their attention. In addition, as infants become familiar with an objeel, they are
less likely to return attention to it, a result of habituation (Sokolov, 1963; Ruff &
Rothbart, 1996).
Habituation can be very important to intants younger than nine months of age,
who may have difficulty voluntarily shifting attention between objects. Once habituation
to an object occurs, however, the object becomes less salient and the infant is able to
disengage. Depending upon the age of the infant, the length of time needed in visual
examination of an object prior to the occurrence of habituation varies. Generally, by six
months of age an infant will only require fifteen seconds to attend to an object before it
becomes familiar (Richards, 1997). Once such familiarity occurs, infants are then much
more likely to attend to novel stimuli when given the chance. With increasing age,
infants require less time in order to become familiar with an object, perhaps as a result of
faster processing skills (Richards, 1997).
2. The Role of Attentional Processes in Reaching
In order for infants to interact with the environment through reaching, they must
first perceive objects with which such interactions are possible (Eppler, 1995). In
addition, they must appreciate the ways in which the objects in the environment afford
such interactions (Gibson & Spelke, 1983). Discovery of affordances are made through
direct observation, interaction, and exploration with objects in the environment. Such
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actions allow an infant to gather information and to begin drawing distinctions between
similar objects (Gibson & Spelke, 1983). Bloch (1994) claims that the ability to perceive
objects as things to be interacted with changes the orientation or goal of actions. Tliis
development occurs by about four months of age.
Similarly, according to Piaget (1952), the ability to begin to recognize objects as
things that can be acted upon is the start of coordination between sensorimotor
schematas. Initially, the infant begins to develop a more generalized concept of an
“object” and, through assimilation, recognizes that actions performed upon one object
can be directed toward other objects. With further development, the infant begins to
coordinate information from the different senses, resulting in the perception of an object
as an externalized entity.
Also important for acting upon the environment is the development of the ability
to selectively direct attention at what is to be acted upon. Thus, in order for an infant to
be able to reach for an object, attention must be focused on the desired object and not on
competing stimuli that might otherwise interfere with the intended action (Allport, 1989).
It is hypothesized that recognition and action are dependent upon two separate systems,
the ‘where’ system and the ‘what’ system (Allport, 1987). With the coordination of
these two systems, the infant develops the ability for “selection-for-action”, which
encompasses the coordination of perceptual and motor abilities (Allport, 1987).
With the development of selection-for-action, perception and action involving the
reach become tightly coupled (Bertenthal, 1996). This coupling involves the
coordination of the visual and somatosensory systems, as well as integrating information
about movement dynamics gathered from past reaches (Bloch, 1994; Clifton, Rochat,
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Robin, & Berthier, 1994). Thus, while children are initially limited to vision in exploring
the world, with the development of reaching, exploration encompasses an interaction of
modahttes when the infant physically engages the environment. Specifically, visual
information is combined with somatosensory and motoric information to allow for
exploration in both the visual and haptic modalities (Bloch, 1994; Clifton et al., 1994;
Eppler, 1995).
As multiple modalities come into play, that to which the infant attends also shifts.
What now becomes important is the availability of the object and the features that will
afford the infant the ability to grasp and explore it (Eppler, 1995; Bertenthal, 1996). As
this interactive skill develops, infants are guided more by information from haptic and
proprioceptive modalities in order to produce the appropriate action. This shift in
attention appears to be the result of increased knowledge of object properties gathered
from manipulation, which, in turn, leads to more advanced forms of exploration (Eppler,
1995; Bertenthal, 1996).
Finally, the ability to plan the action, based upon available perceptual
information, is critical for interaction with the environment. It is believed that the infant
must be aware of the goal of obtaining the object and must devise a plan to attain that
goal (Baker-Sennett, Matusov, & Rogoff, 1993). Initially, obtaining the object may
require separate and distinct micro-goals. However, with development, the infant
becomes proficient at linking these separate actions into a more continuous goal-oriented
action (Baker-Sennett, Matusov, & Rogoff, 1993). This type of progressive development
in planning is in evidence even during infancy. Passingham (1996) suggests that the
need to attend to an action exists prior to the ability to perform the intended action in an
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automatic fashion. Thus, he claims that such attention is only necessary during the
learning of motor actions. Once a motor sequence has been learned, infants no longer
need to attend to their motor movements and are free to direct attention to other aspects
of their environment.
Since motor actions are planned prospectively, in order to account for the
continuing changes in the environment, the perceptions that help to guide those actions
must also be monitored in a prospective fashion. The infant must be constantly
attentionally attuned to changes in the environment that will necessitate changes in motor
actions (Bertenthal, 1996; Bertenthal & Clifton, 1998). Thus, there are two central tasks
in executing a reach, the proprioceptive monitoring of the hand’s progress toward a
visually specified object (O Sullivan & Berthier, 1999) and the visual monitoring of the
enviionment in order to anticipate and allow for changes to be made to ensure successful
completion (von Hofsten, 1989).
3. The Role of Experience
It appears, at least initially, that infants are predisposed to attend to stimuli in a
visual manner as opposed to the use of other modalities (Tloczynski, 1993). Thus, until
infants become proficient at attending to visual stimuli, attention to other modalities may
be compromised (Tloczynski, 1993). This is because infants must expend all of their
cognitive energy on their visual explorations, leaving little energy for other modalities.
With experience, however, infants become more proficient at gathering information from
the environment. By about nine months of age, sustained attention time decreases and
infants habituate faster to objects (Sokolov, 1963). This change is seen as an increased
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ability to more quickly extract, consolidate and retain inlormation about objects of
interest (Ruff & Rothbart, 1996).
Along with increased processing speed comes increased speed in the ability to
plan responses to the environment (Baker-Sennett, Malusov, & Rogoff, 1993). Thus,
planning occurs prior to and during an action, resulting in interactions that arc more
efficient. In addition to early planning of the transport phase of the reach, research has
also found that the type of grasp intended for use is also planned or ‘chosen’ prior to the
onset of the reach (Johnson & Berthier, in preparation). Experience with the
environment eventually leads to infants having a more extensive repertoire of plans from
which they can draw for future interactions (Baker-Sennett, Matusov, & Rogoff, 1993).
One key factor in this development is the ability to focus attention on the goal and on the
means by which the goal can be achieved. As infants become more proficient at
planning, aspects of this ability become automatic. With experience, the repertoire of
such automatic segments grows and the infant can learn to interact simply by linking
together, in the correct order, a number of such segments (Baker-Sennet, Matusov,
Rogoff, 1993). Planning then becomes focused on such linkages and not on the specific
segments of an action.
Planning, however, is not a static process. Just as motor movements have to be
monitored and corrected during the course of the action, how and what the interaction
with the environment should be must also remain flexible and capable of change “on
line”. Thus, this theory posits that attention to and planning for interaction with the
environment develops in a fashion similar to that of interaction through motor actions.
Just as segments of motor movements become automatic and can then be linked to
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provide more mature actions requiring less overt monitoring, the processes by rvliich an
infant attends to the environment also becomes less demanding and occurs more
automatically with experience.
Gibson (1988) holds a similar view, namely that the ability to attend to and make
sense of the environment is inextricably linked to the ability to act upon it. They are so
linked because attention and perceptions of the environment are enhanced, altered, and
built upon, through direct interactions. This is because perceiving is viewed as an active
process, not simply one in which information flows passively into infants’ sensory
systems. Infants do not just see, they look. They attend to specific aspects of the
environment, and do so in a very deliberate manner (Gibson, 1988). Through such
attentional processes, infants explore and learn about the environment, including its
invariant and fluctuating aspects. With such knowledge, infants are not only able to act
upon the environment but they are also able to learn about the effects that such actions
have upon the environment (Gibson, 1988). By about five months of age, the attentional
and motor systems come together such that interactions with the environment develop
into an exploratory system. With experience, such interactions become more and more
sophisticated and automated, leaving more energy for exploration of aspects of the
environment not yet known, such as the information afforded through tactile exploration
(Gibson, 1988).
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4. Physiological Fnctor^
a. Neurological Aspects of Attention
Multiple regions of the brain work together to attend to and gather information
from the environment (Posner & Petersen, 1990). For example, orienting to a stimulus is
controlled by three areas of the brain: the posterior parietal lobe, the lateral pulvinar
nucleus of the postereolateral thalamus, and the superior colliculus. Insufficient maturity
or damage to any of these areas results in attentional deficits. For example, damage to
the posterior parietal lobe results in an inability to disengage attention (Posner &
Petersen, 1990; Rafal & Robertson, 1995; Kalaska, 1996), and in difficulty with using
information about object properties for correct hand control (Goodale & Milner, 1992;
Kalaska, 1996). Thus, the posterior parietal lobe is involved in processing information
geared toward acting on the environment, and also with attention termination. These
functions result from connections with pre-motor, supplementary motor, and primary
motor cortices, as well as the frontal cortex (Goodale & Milner, 1992; Kalaska, 1996).
Damage to the postereolateral thalamus results in difficulty with maintaining attention
directed at a specific stimulus, while damage to the superior colliculus produces a
slowing of the ability to shift attention and also appears to effect the ability to habituate
to a stimulus (Posner & Petersen, 1990).
By four months of age, a visual pathway involving the frontal eye field (FEF) is
functional and allows for the scanning of objects (Johnson, 1990). This pathway is also
believed to play a role in habituation since, as it develops, it gains increasing dominance
over the superior colliculus and brain stem. The development of this control coincides
with the ability of infants to habituate at an increasingly faster rate (Johnson, 1990).
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Object recognition appears to be regulated by a network that involves the primary
visual cortex and the interiotemporal cortex (Johnson, 1990; Rurt'& Rothbart, 1996;
Goodale, 1995). This ventral stream appears to play a role in the extraction of visual
information about object properties (Goodale & Milner, 1992; Goodale et al„ 1994;
Goodale, 1995) and in maintaining such information (Goodale, 1995). The ventral stream
also receives information from the superior colliculus through the pulvinar nucleus of the
thalamus. This system has been referred to as the ‘what system’, in that it provides the
infant with information about the structural properties of stimuli, such as shape and
texture. When this system is damaged, visual recognition of objects is severely impaired
(Goodale et al., 1994; Goodale, 1995).
A separate system, known as the dorsal stream, involves the primary visual cortex
and the posterior parietal cortex (Goodale et al., 1994; Goodale, 1995). This system is
involved in mediating the control of action through vision and has sometimes been
referred to as the ‘where system’. Its role, however, extends far beyond providing spatial
location information, since it also provides data necessary for interaction with the
environment (Goodale, 1995). The interconnection of this system with the premotor
cortex also supports the hypothesis that it is strongly associated with the ability to reach
for and grasp objects using egocentricity-based knowledge. When damaged, the ability
to obtain objects is severely impaired (Goodale et al., 1994; Kalaska, 1996). Thus, this
form of attention is different from object centered, or allocentric, attention, as discussed
above.
Passingham (1996) has found that the dorsal prefrontal area and the anterior
cingulate are specifically activated during new, unlearned, interactions with the
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environment but not once an action has already been learned. He suggests that this
activation is a result of the individual’s having to “solve a problem”, that of planning a
sequence of goals, and/or of attending to the actions which must be performed in order to
obtain the desired object. Thus, the prefrontal cortex provides a supervisory role in
deciding which actions the individual will perform (Passingham, 19%). In addition,
the anterior cingulate cortex is activated when a choice must be made between different
responses. For example, when an infant must choose which motor response is most
appropriate for a given task, the anterior cingulate area would be activated. Together, the
dorsal prefrontal and anterior cingulate cortices appear to respond to the need to .select
and attend to the action at hand (Passingham, 1996).
While the ventral and dorsal systems appear to develop at different rates, with the
object recognition system becoming functional later than the orienting/attention-to-action
system, it appears that they do not process different information. The difference lies in
how the information is converted for use (Goodale, 1995). Thus, the ventral system
converts the information in an object-centered manner, while the dorsal system converts
it in an egocentric manner. With the coordination of these two systems, the infant is then
able to gather the necessary information concerning the object, its relation in space to the
infant, and the actions needed to interact with the environment (Goodale, 1995).
b. Physiological Aspects of Attention
Heart rate has been shown to be a reliable indicator of attentional processes in the
infant. When an infant orients to a stimulus, a prominent physiological response is a
decrement in heart rate (Graham & Clifton, 1966; Clifton, 1978; Graham, Anthony, &
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Zcigler, 1983; Richards, 1989). Following (he orienting phase, which generally last lour
to SIX seconds (von Bargen, 1983), the sustained attention phase is evidenced by a greater
and sustained reduction in heart rate (Richards, 1989; Richards & Casey, 1992).
Following sustained attention, the infant disengages from the object of interest, as a result
ol attention termination, and heart rate returns to baseline (Richards & Casey, 1992).
The onset of this disengagement was once thought to have coincided with the
physical movement ol the redirection of the eyes away from the object to which the
infant had been attending. Research regarding heart rate response to the end of sustained
attention has lound, however, that disengagement of attention actually begins to occur
prior to the movement of the eyes. Thus, heart rate begins to return to baseline levels
while the infant appears to still be visually engaged with the object (Richards, 1989;
Richards & Casey, 1992).
Behavioral evidence also supports this earlier break with sustained attention
since, prior to the heart rate’s return to baseline, the infant can not be easily distracted
from attending to the object. Once the return to baseline has occurred, however, the
infant is much more easily distractible, despite the appearance of continued visual
fixation of the object. Following disengagement and a return to baseline, a refractory
period exists in which future heart rate decelerations are attenuated for a period ol
approximately six seconds (Casey & Richards, 1991). The reason for this relractory
period is unknown, but it is speculated to be the result ol an inhibition ol the central
nervous system attentional processes. Alter this refractory period, inlants heart rates
once again respond with decelerations as the inlants orient to new stimuli. Thus, heait
rate in conjunction with behavioral indices appears to be a better indicatoi ol sustained
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attention and attentional disengagement than
1989).
are behavioral indices alone (Richards,
Heart rate has also been shown to be an indicator of active cognitive processing
(Richards & Casey, 1992). When the infant attends to an object, the subsequent
deceleration in heart rate is believed to indicate that the infant is actively processing
information about the object. When the infant has sufficiently processed the pcrlinenl
information and the object is no longer of cognitive interest, habituation occurs. With
habituation, the infant is less likely to reorient to the object, as it no longer offers novel
information. Physiologically, habituation is evidenced by increasingly smaller
decrements in heart rate with successive attention to the same object (Ruff & Rothbart,
1996).
D. Haptic Development
1 . Haptic Perception of Object Properties
Important in detecting object properties is an awareness that differences exist and
that these differences can be detected by performing varying types of movements (Sporns
& Edelman, 1993). With experience, infants soon discover that many properties of
objects, such as texture and shape, are distinguishable through haptic exploration. Such
exploration, however, requires the development of haptic abilities that allow the infant to
gather information about the object. These abilities range from holding an object in
one’s hand to visually exploring it as it is rotated and passed from hand to hand (Rutf,
1984). Information about different object properties is available at varying ages,
depending upon the manipulatory abilities required for such detection.
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Texture, tor example, is more easily distinguishable than other properties because
It IS often obvious to the infant through both visual and haptic perception. Once an infant
visually notices a textural difference, it can be explored haptically with simple
movements of the fingers, which can be performed at a fairly early age. While certain
kinds of shape distinctions are easily made by infants, others are more difficult, requiring
a more thorough visual examination as well as more global hand movements, such as
following the contours of the object. Thus, the age at which shape differences are
detected varies depending upon the type of shape distinctions that must be made
(Bushnell & Boudreau, 1991).
Topological differences in shape appear to be the easiest for infants to detect
because they retain their shape even under conditions in which the object is distorted
through pressure or by other means. Thus, even fairly young infants can distinguish
between objects that vary topologically. On the other hand, detecting featural differences
in shape requires an awareness of the contours of an object, such as smooth contours
versus angled contours. This type of differentiation seems to demand more maturational
skills than does topological detection and, as a result, is acquired by infants at a later age.
Finally, configurational detection is dependent upon the different arrangement of similar
features of objects, such as the differences in angle position on a pentagon as compared
to a star. This type of feature detection is clearly the most difficult and often cannot be
distinguished by infants until well into the first year of life (Bushnell & Boudreau, 1991).
Although this progression of feature detection abilities with regard to texture and
shape is generally accepted, there is a great deal of debate in the literature concerning the
exact ages at which these abilities are acquired. For example, with regard to texture.
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some research indicates that it can be detected as early as six months of age, while other
research has found no such ability prior to eleven months of age (Palmer, 1989; Ruff,
1984, 1989). Results from studies concerning shape detection also vary widely.
Depending on the study, this ability has been found in infants ranging from two to fifteen
months of age (Bushnell & Boudreau, 1991; Ruff, 1984).
These variations seem to stem, at least in part, from the different methodologies
used to determine these abilities. For example, a number of studies have used an amodal
paradigm, in which infants are allowed only to explore an object and distinguish it form
other objects using one modality (such as haptically). After familiarization with one
object shape, infants are considered to be able to distinguish shape differences if they
subsequently spend more time haptically examining an object with a different shape
(Spelke, 1988; Bushnell & Boudreau, 1991). It is clear that this type of paradigm, which
limits exploration to one modality, is likely to require discrimination skills possessed
only by older infants.
A second type of procedure is a cross-modal paradigm, in which infants are
allowed to explore an object’s features in one modality (haptically) and are then required
to detect the object’s features in a second modality (visually). Infants are Judged as
having detected the object’s features if, when visually presented with the original object
and a new object, they look longer at the new object (Gibson & Walker, 1984; Spelke,
1988; Rose, 1994). Although less difficult than the preceding paradigm, this type of
study still limits information gathering since simultaneous integration between modalities
is not permitted.
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The bimodal paradigm has been shown to facilitate information gathering (Gibson
& Walker, 1984; Gibson & Schmuckler, 1989; Ruff, 1989; Lederman & Klat/.ky, 1990).
Bimodal detection of object properties appears to lead to earlier and more concrete
detection of such properties, because information from the different modalities (i.e.
vision and haptics) combine to provide the infant with a more complete understanding of
the perceived object (Hatwell, 1987; Ruff, 1989). This combination of bimodally
acquired information appears to be particularly important to younger infants who are still
learning about their environment. Such an understanding then leads to actions that are
more tailored to the task of exploration than they would otherwise be if information had
been obtained amodally (Hatwell, 1987; Ruff, 1989).
2. Required Motor Abilities
As mentioned previously, development of an infant’s ability to gather haptic
information is tied directly to manipulatory behaviors (Bushnell & Boudreau, 1991).
Some of these behaviors appear to be in place by six months of age (Bushnell &
Boudreau, 1991; Lederman & Klatzky, 1990; Ruff, 1984). By this age, for example,
infants are able to move their hands in a repetitive fashion, described by Thelen (1995) as
“rhythmic stereotypies”. These stereotypies include movements such as rubbing and
scratching, both of which provide textural information.
It is not until nine or ten months of age, however, that infants acquire the ability
to explore objects in a bimanual fashion, which enables detection of configurational
shape (Bushnell & Boudreau, 1991). At this stage, infants are able to hold an object with
one hand and trace its contours with the other. The development of this ability is due in
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part to increasing manual dexterity (RulT, 1984). However, as with reaching, himanual
coordination also requires the development of postural control so as to enable the infant
to use both hands for exploration. Prior to this development, bimanual activities arc
limited due to the infant’s need to maintain posture with the aid of a hand IBIoch, 1994).
3- Required Attentional Ahilifies
In addition to the development of appropriate motor abilities, the ability to attend
to object properties must also be in place in order for awareness of differences in object
features to occur (Bushnell & Boudreau, 1991). Without such awareness, there is a
reduced likelihood that an infant will perceive differences in object properties, even when
experienced haptically, because it is unlikely that such differences will be attended to.
The development of these attentional abilities appears to be governed, at least in
part, by the types of information that appear to be relevant to the infant. With increasing
age, the relevance of properties shifts. For example, six-month-old infants appear to be
interested primarily in sensory feedback (Bushnell & Boudreau, 1991). Thus, the
property of texture, which affords a great deal of sensory feedback, is much more likely
to be relevant to an infant of this age than other properties of objects and, therefore, is
more likely to be sought. By about ten months of age, however, an object’s shape is
much more relevant, because at this age infants are more interested in an object’s use.
Thus, ten-month-old infants are much more likely to attend to differences in shape than
to other properties (Bushnell & Boudreau, 1991).
This difference in attending to one object property, as opposed to another, may be
very important to the infant’s ability to acquire and retain such information. As Ruff
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(1989) has pointed out, the infam may be incapable of attending to all aspects of an
object s properties due to information processing constraints. Thus, by constraining
features to which an infant will attend, the likelihood of processing and retaining such
information is greatly increased.
Another factor that may channel an infant’s attentional abilities toward one type
of object property over another is the number of modalities of the property available for
detection (Bushnell & Boudreau, 1991; Ruff, 1984). At six months of age, the property
of texture is available to both the visual and the haptic modalities and, therefore, is much
more likely to be attended to and acquired. On the other hand, the property of
configurational shape is not available both visually and haptically until about ten months
of age, when the infant has acquired the necessary motor skills for haptic exploration of
this property. Thus, attentional engagement of more than one modality toward an
object’s properties is likely to enhance the infant’s ability to gather and retain
information about such properties (Bushnell & Boudreau, 1991; Ruff, 1984).
4. Physiological Factors
Experience alone cannot account for the increasing motor abilities involved in
haptic exploration. Physiological changes, both muscular and neurological, also provide
the infant with the tools necessary to engage in exploratory activities and, thus, to gain
experience. One such change, already mentioned, is the development of postural control
(Bushnell & Boudreau, 1991; Adolph, Eppler, & Gibson, 1993; Rochat & Goubet, 1995).
By five to six months of age, infants have sufficient strength in their torsos to be able to
sit upright with self-support (Adolph, Eppler, & Gibson, 1993). With this development.
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infants move from being passive observers of the environment to actively engaging it
through reaching and haptic exploration. By about eight months of age, infants arc able to
sit unsupported, thus freeing both hands for exploration (Rochat & Goubct, 1995). Prior
to the development of such postural control, they are severely limited in the amount of
bimanual exploratory behaviors in which they can engage, due to the fact that one hand is
often required to help with balance (Rochat & Goubet, 1995). Thus, with advancing age
and increasing postural control, older infants are better able and, therefore, more likely to
be able to perform the haptic actions necessary for the detection of the property of
configurational shape than are younger infants.
5. Experiential Factors
Development of haptic perception is partly dependent upon an infant’s ability to
practice and become proficient at the motor actions necessary for featural detection
(Bushnell & Boudreau, 1991). As noted by Ruff (1989), an infant’s acquisition of
information through haptic exploration is at first constrained by the ability to perform the
necessary motor actions, since these actions require a considerable amount of attention
prior to the stage at which they become automatic. Once such actions can be performed
with relative ease, however, the infant can then turn attention to the information made
available through the haptic manipulation.
Acquiring the ability to gather haptic information leads to different responses
according to the properties of the object at hand (Hatwell, 1987; Gibson & Schmuckler,
1989; Ruff, 1984, 1989; Adolph, Eppler, & Gibson, 1993). A textured object is more
likely to be fingered and rubbed than is a smooth object, while an object with a particular
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configurational shape is likely to be explored through rotation of the ohjecl during visual
fixation, as well as through contour tracing. Thus, with experience, the type of
manipulatory behavior can be found to differ according to the property of the item under
examination (Gibson & Schmuckler, 1989; Ruff, 1984, 1989; Adolph, Eppler, & Gihson,
1993).
R. Effects of Reaching and Exploratory Behaviors on Cognition
Bushnell and Boudreau (1993) suggest that certain aspects of perceptual
development may evolve in response to motor actions. As a result, although motor
actions are based on perceptions that have previously been formed, the cycle does not
stop there. Instead, subsequent perceptions are formed as a result of the actions that are
performed upon the environment. Such a proposed sequence of development suggests
that, at times, motor development can be a rate-limiting step in the way an infant
perceives the environment (Bushnell & Boudreau, 1993). Specifically, the development
of reaching allows infants to perceive aspects of the environment that were unavailable
simply through looking. In addition, as acting upon the environment becomes more
proficient and automatic, it may free infants to expend more energy to perceive the
aspects of the environment with which they can interact. Thus, perception and action are
inextricably intertwined and it is difficult, if not impossible, to determine where
perception ends and acting begins.
This close connection between cognition and action also appears to exist with
regard to the gathering of haptic information. Knowing what skills to use to obtain
information results in faster information gathering, freeing the infant to turn attentional
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and haptic informacion gathering systems to dilTerent and more varied explorations
(Gibson & Schmuckler, 1989). Thus, by experiencing wliat and how to attend to
different object properties, the infant becomes a more proficient learner, resulting in the
acquLsitton of more and more complicated information, which has more far reaching
effects on the cognitive abilities of the infant.
Physiological evidence also suggests that motor activity and cognition are closely
related. Activation of the dorsolateral prefrontal cortex in response to a cognitive task
results in a concomitant activation of the cerebellum. In addition, when a task has
become learned to the extent that it is virtually automatic, decreases in activation are
found in both regions (Diamond, 2000). This concomitant activation and deactivation
suggests that cognition and action are inextricably linked.
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CHAPTER II.
MOTOR, ATTENTIONAL, AND HAPTIC DEVELOPMENT
OF INFANTS BORN PRETERM
A- Motor Development
•• Correction for Prein;itiiiity
In researching the development of the preterm infant, it becomes readily apparent
that the population is quite heterogeneous. Many factors affect development, including
gestational age at birth, medical risk factors, and the type of care received within the
neonatal intensive care unit. As a result, examining the development of preterm infants
across all gestational ages is beyond the scope of this study. Therefore, the research
presented here will focus primarily on healthy preterm infants of gestational ages that
approach those of the full-term infant.
In studying preterm infants, it must be decided whether or not to correct for
prematurity when making comparisons to those born at full-term. Correcting for
prematurity requires subtracting the number of weeks that the infant was born preterm
from the chronological age of the infant (time since birth). The result is a corrected age
that equates the preterm infant with an infant born full-term relative to time of
conception.
For example, if an infant was born eight weeks preterm and is chronologically six
months old, when the eight weeks are subtracted from the six months, the preterm infant
would be considered to be four months old for purposes of comparison. Thus, coirecting
for degree of prematurity is an attempt to account for the biological immaturity of
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preterm infants. In using this method, it is assumed that any subsequent dilTcrcnces
found between full-term and preterm infants are associated with factors resulting from
preterm birth and not from immaturity of the infant.
Correcting for prematurity is not without its problems, however. Not all
researchers believe that correcting is a valid method of equating full-term and preterm
infants. Even those who do can not agree on whether correction is necessary for all areas
of development, and for what length of time it is necessary.
Some research has suggested that early motor development appears to be
advanced in preterm infants when degree of prematurity has been corrected (Miller,
Dubowitz, & Palmer, 1984), while other research proposes that age corrections result in
equating preterm and full-term infants in generally all areas of motor development (Allen
& Alexander, 1990). Still other research has shown that although correcting may result in
fine motor abilities of preterm infants appearing more advanced than those of full-term
infants, gross motor skills match those of full-term infants when correction is used
(Palisano, 1986; Matilainen, 1987). Finally, there are some researchers who suggest that
correction should not be done at all during the first six months, since this results in over
correction during this stage of development, but full correction should be used between
six months of age and one year for mental development, while only partial coiTection
should be used during this time for motor development (Lems, Hopkins, & Samsom,
1993).
Whether or not to correct is not inconsequential. If over correcting does occur,
the end result would be that delays in development experienced by preterm infants would
not be recognized and addressed. On the other hand, if correction is not done, the
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development of preterm infants may be labeled as slow or abnormal when, in fact, they
are just biologically immature.
Concerning the length of time that correction for prematurity should take place,
some research suggests that after the chronological age of one year, correction is
unnecessary (Matilamen, 1987), while other research shows that correction should be
done until 18 months of age (Palisano, 1986) or until two years of age (Den Ouden,
Rijken, Brand, Verloove-Vanhoick, & Ruys, 1991). Although much of the research done
in this area corrects for prematurity, in the absence of a better system of evaluating the
development of preterm infants, it appears that there are just too many factors besides
gestational age at birth affecting development. Factors such as illness and extra-uterine
experience are also very likely to affect the development of the preterm infant and, as a
result, there are probably too many unknown or immeasurable extenuating factors to
accurately equate the development of preterm infants with those of full-term infants
simply by equating for time since conception.
Perhaps because of the many factors influencing the development of preterm
infants, many areas of preterm development remain unclear as to their trajectory and time
course. In the absence of severe medical complications, one theory of preterm
development posits that once degree of prematurity is corrected, few differences exist
between preterm and full-term infants. This similar-but-delayed theory is based on the
notion that development occurs on a biological timeline that proceeds, for the most part,
unimpeded by a preterm birth. A second theory of preterm development holds that even
after equating post-term ages, differences between the two populations continue to exist.
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The similar-but-delayed theory of development appears to be supported by some
of the research involving early motor development. For example, beginning with early
spontaneously generated motor patterns, such as saccadic and swiping movements,
researchers have found few differences between the responses of low-risk preterm infants
(27-37 weeks gestation at birth) and those of full-term infants, when matched for the
corrected age of 3 weeks (Cioni & Prechtl, 1990) and of 12 weeks (Geerdink & Hopkins,
1993). Similarly, when reflexes such as the plantar grasp and development of walking
were examined, differences between the preterm (27-34 weeks gestation at birth) group
and the full-term group were virtually nonexistent, when infants were compared at 9- and
18-months of age (corrected age for preterm infants) (Forslund & Bjerre, 1985).
Considerable research, however, fails to support the biological timeline theory
and supports, instead, an altered trajectory theory. Although the work of Cioni and
Prechtl (1990) and Geerdink and Hopkins (1993) found few differences in the early
motor movements of preterm infants, other researchers have found significant differences
in the quality of general motor movements of healthy preterm infants. In one such study,
preterm infants born at 33-36 weeks gestation and tested at term were found to have
movements that were less fluent, with less sequencing, and less spatio-temporal
variability between arm and leg movements, than the movements of their full term
counterparts (Kakebeeke, von Siebenthal, & Largo, 1997).
Similarly, when preterm infants, born between 27 and 34 weeks gestation, were
compared with full-term infants for degree of active muscle power versus passive muscle
power, significant differences were also found (de Groot, Hopkins, & Touwen, 1997).
For example, at the corrected age of 4.5 months, 59% of the preterm infants displayed
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asymmetries in muscle power, with the active exceeding that of the passive, as compared
to 4.5-month-old full-term infants. When these same infants were compared again at 12-
months corrected age with 12-month-old full-term infants, about 30% of the preterm
infants continued to display asymmetries in gross motor movements and in hand
movements (de Groot, Hoek, Hopkins, & Touwen, 1993; 1997).
In addition to differences found between the development of full-term and
preterm infants, research has also compared the motor development of preterm infants
born at different gestational ages. The results, again, paint a confusing picture as to the
motor development of preterm infants. When a group of infants born at 28 weeks
gestational age were compared to those born at 35 weeks gestation, few developmental
differences were found once the infants’ ages were equated (Robert, 1983). Specifically,
when the infants born at 28 weeks gestation had reached the equivalent age of 35 weeks
gestation, they were compared to the newborns born at 35 weeks gestation. Results of test
items such as resting posture and palmar grasp were found not to differ between the
groups. Similarly, Piper, Byrne, and Pinnell (1989) found early motor development, such
as arm and leg traction, did not differ significantly when infants born prior to 32 weeks
gestation were compared with those born between 32 and 36 weeks gestation, when
examined at 32-, 35-, and 40-weeks (term) post-conceptional ages.
In contrast to the above, other research suggests that differences in motor
development do exist between different groups of preterm infants. Piper, Byrne, Darrah,
& Watt (1989) discovered that fine and gross motor development differed when assessed
at the corrected age of 8 months. Comparisons between infants born at less than 32
weeks gestation with those born between 32-36 weeks gestation revealed that fine motor
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skills such as grasping and eye-hand coordinalion were delayed for infanls born prior to
32 weeks gestation but not for infants born after 32 weeks gestation. Conversely, gross
motor development did not differ between the two groups. These conflicting results
suggest that a divided developmental trajectory exists, with gross motor skills developing
along a biological timeline, as discussed above, while fine motor skills diverged from this
timeline (Piper et al., 1989).
When discrepancies are found between full and preterm infants and between
preterm infants born at varying gestational ages, the distinction appears to concern the
quality of the motor behavior, not necessarily the quantity (Gorga, Stern, Ross, & Nagler,
1988; Persson & Stromberg, 1995). Qualitative differences are defined as motor
behaviors that deviate from a particular criterion that is based on the level of achieved
motor development (Persson & Stromberg, 1995). Qualitative differences in fine motor
movements are particularly prevalent when compared between different groups of
healthy preterm infants born at varying gestational ages (Persson & Stromberg, 1995)
and between preterm and full-term infants (Gorga et al., 1988).
2. The Development of Reaching
Reaching, like many areas of motor development, has been thought to develop
along a biological continuum that is largely unaffected by preterm birth, providing degree
of prematurity has been corrected (Allen & Alexander, 1990). While this may or may
not be true, little research has been conducted regarding the development of the
mechanics of reaching within the preterm population. Thus, it is unclear if preterm infant
reaching develops in the same manner as that of full-term infant reaching. Do initial
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preterm reaches contain a similar number of submovements as those lound in the lull-
term population? Does the reach become smoother and straighter with time? Does the
speed of the reach increase or decrease with time and experience? These questions have
yet to be fully examined.
3- The Role of Experience
It was once speculated that the extra-uterine time experienced by preterm infants
would enhance early cognitive and motor development. It now appears, however, that
the premature experience may actually hinder development. For example, Gorga et al.
(1988) propose that the long periods of time that preterm infants spend supine in the
neonatal intensive care unit may result in delays in the development of reaching in
healthy preterm infants, even when degree of prematurity is corrected. These results
suggest that lying supine for extended periods reduces the development of flexion
responses, such as contraction of the abdominal muscles, which are necessary for the
development of head and postural control. A delay in this area of development is likely
to set back the development of reaching abilities that depend on flexor-extensor
coordination for postural control during the perturbations produced by reaching
movements of the arms (Gorga et al., 1988).
4. Physiological Factors
a. Neuroanatomical Factors
There are many changes occurring in the brain during the time when most
preterm infants are born. MRI results show that cortical gray matter increases from about
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20 percent of total brain volume at 30 weeks gestation to 40 percent at 40 weeks
gestation (Huppi et al„ 1998). Since migration of the cortical neurons is believed to be
complete at about 24 weeks gestation, this increase in volume appears to be the result of
dendritic arborization and axonal branching. Myelination was also found to increase
dramatically after 36 weeks gestation, with its intracranial volume rising from 1 to 2
percent at 34 weeks to approximately 5 percent at term (Huppi et al., 1998).
Knowledge of the degree of change occurring within the brain during this period
is important when considering the development of the preterm infant, since these changes
point out areas of the brain that may be susceptible to insult or alterations during their
development. It is widely known that postnatal experience can produce changes in the
brain, such as increases or decreases in dendritic branching (Georgopoulos, 1991
;
Lemon, 1995). Therefore, as a result of the vastly different environment experienced by
preterm infants during this time of development, it is likely that such input divergent
from the norm would result in alterations to the developing brain (Huppi et al., 1998).
b. Learning Motor Movements
Learning and retaining motor actions appears to depend, at least in part, on the
existence of activity within the motor neural circuit, which results in strengthening
connections between the motor and sensory systems (de Groot, 2000). When lack of
interactions with the environment causes these connections not to strengthen, the preterm
infant may fail to develop adequate sensorimotor integration, as discussed in Chapter 1
(White, Castle, & Held, 1964; White, 1971).
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Gekoski, Fagen, and Pearlman (1984) found one such example of sensorimotor
integration problems during learning within the preterm population. They tested the
ability of preterm (26-36 weeks gestational age) and full-term infants on a contingency
paradigm in which they had to kick their legs in order to make a mobile move. The
infants, who were tested at 3-months of age (corrected age for preterm infants), differed
in both the rate of speed at which they learned and the ability to retain what was learned.
While the full-term infants learned the contingency during the first day of testing, the
preterm infants did not show any sign of having mastered the contingency until well into
the second day of testing. In addition, when the infants were tested a week later for
retention of this contingency, only the full-term infants evidenced continued preservation
of the learned contingency (Gekoski, Fagen, & Pearlman, 1984). Thus, not only were the
preterm infants slower to process the contingent information, they were also unable to
either retain that information or, if retained, to draw upon it for future use. These results
suggest that difficulties in integrating the motor act of kicking with the sensory input of
the moving mobile may have been responsible.
c. Postural Control
Postural control appears to directly influence the development of reaching and
fine motor actions. Researchers compared the postural control of preterm infants, born
around 30 weeks gestation, with that of full-term infants (Van der Fits, Flikweert,
Stremmelaar, Martijn, & Hadders-Algra, 1999). All infants were tested at four- and
eighteen-months (corrected age for preterm infants) for their ability to regulate posture
during reaching movements. Among the preterm infants, researchers found an excessive
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amount of postural movements that were not tied to the infants' arm movements. The.se
results suggest that the preterm infants were constantly correcting or altering their posture
m order to maintain a certain position and perhaps, as a result, were unable to temporally
organize postural adjustments during the act of reaching. Van der Fits and colleagues
(1999) propose that this lack of temporal control may stem from difficulty in integrating
prior sensorimotor experiences, resulting in problems with learning from prior
experiences (Van der Fits et al., 1999). If such postural anomalies occur frequently
within the preterm population, it is possible that they may affect preterm infants’ ability
to attend to and modulate the reach in the same manner as a full-term infant.
Additional research also supports the effects of postural control problems on
reaching development in preterm infants. Specifically, differences between agonist and
antagonist muscle power needed for correct postural control were found to be atypical in
many preterm infants due to over activation of certain trunk muscles (de Groot, Hopkins,
& Touwen, 1995; Plantinga, Perdock, & de Groot, 1997). Lack of sufficient postural
control requires that the infant use at least one hand for support when sitting in order to
maintain an upright position (Rochat & Goubet, 1995). As a result, opportunities to
explore and to become proficient with different movements of the hand are reduced (de
Groot, 2000). Plantinga, Perdock and de Groot (1997) found Just such delays in hand
function (coordination of grasping and wrist rotation) when they tested preterm infants
(27-34 weeks gestation at birth) with poor postural control at the corrected age of 39
weeks.
Although previous research has found different temporal trajectories for related
motor actions in preterm infants as compared to full-term infants, such as the uneven
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temporal progress of fine and gross motor development (Piper et al., 1989). ihe same
temporal anomalies were not found with respect to postural control and reaching
(Mandich, Simmons, Ritchie, Schmidt, & Mullelt, 1994). Instead, the development of
both posture and reaching were found to follow very similar temporal trajectories,
perhaps indicating just how dependent the development of reaching is on proper postural
control. The fact that temporal progression is found between some areas of preterm
development but not others suggests that preterm and full-term development should not
be so readily equated. Instead, it suggests that preterm development should be judged on
its own characteristics.
B. Attentional Development
1. Attentional Processes
As discussed in Chapter 1, by approximately three months of age, full-term
infants prefer to attend to novel objects than to familiar ones (Ruff & Rothbart, 1996). In
order to exhibit such a novelty preference, infants must be able to gather information
about the initial object, retain that information, and then use it for comparisons with a
new object in order to determine whether or not they are distinct. If they are, the infant
should then prefer to attend to the novel object, as it offers information different from
that already obtained. It is apparent that this sequence would be difficult, if not
impossible, in infants who are unable to sustain attention to an object or are unable to
gather, retain, and retrieve information from the environment. Therefore, studying the
development of visual preferences in the preterm population should indicate the progress
of the perceptual and cognitive development of these infants.
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As with research in the domain of motor development, the development of
attention in preterm infants is unclear. Some research suggests that the orienting and
sustained phases of attention follow a biological trajectory, with the responses of preterm
infants to objects in the environment mimicking that of full-term infants, as long as
degree of prematurity has been con-ected (Foreman, Fielder, Price, & Bowler, 1991 ).
Other research, however, proposes that there are differences in attentional development
between the full-term and preterm populations. Preterm infants, born around 33 weeks
gestation and tested at term (40 weeks gestation), have been found to spend more time
attending to objects than full-term newborn infants (Sigman et al., 1977). This extended
visual fixation suggests two possible explanations. First, preterm infants may experience
a lack of inhibitory control, leaving them unable to disengage from an object that has
seized attention. As a result, the preterm infant would continue to fixate an object due to
an inability to inhibit the looking response. The second explanation proposes that
preterm infants are slower to process information and, thus, require longer periods of
attending to an object in order to gather the information necessary for learning (Sigman et
al., 1977). While the first explanation would indicate that a behavioral problem, but not
necessarily a cognitive problem, existed, the second suggests a cognitive deficit in the
presence of appropriate behavioral responses.
Sigman and Parmelee (1974) examined visual preference in preterm infants born
between 27 and 36 weeks gestational age and tested at the corrected age of 4 months,
using a habituation paradigm. In this study, the infants were familiarized with a^
checkerboard pattern and were then presented with a different pattern to test for
discrimination. The preterm infants examined the display for an amount of time
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comparable to that of the full-term infants. However, although they habituated to the
familiar patterns at a rate similar to that of the full-term infants, when presented with a
novel display, they failed to show any preference. This result shows that premature
infants' visual examination is normal at 4 months, but that their cognitive processing or
memory for visual stimuli is different from full-term infants at this age.
Sigman and Parmelee (1974) proposed that the failure of the preterm infants to
show a preference for the novel stimuli might result from a problem with memory
function. This explanation seems unlikely, however, since the preterm infants habituated
to the original display. Although they may have failed to encode enough information to
distinguish between the two displays, they had to have retained some information in
order to recognize the original display and habituate to it. These results also offer
support for the proposition that the processing speed of preterm infants may be slowed
and require additional exploratory time.
Studies by Rose (1980) also support the hypothesis of the need for increased
processing time. She found that with a sufficient amount of familiarization time, preterm
infants at the corrected age of six months (30-32 weeks gestation at birth) were quite
capable of discriminating between novel and familiar objects and preferred the novel
object. With increased amounts of time to study the initial display (time length varied
depending on complexity of display), the ability of preterm infants to distinguish the
novel display was greatly enhanced. In a similar follow-up study. Rose (1983) found that
preterm infants of six and twelve months corrected age required a minimum of 30 and 20
seconds of familiarization time, respectively, before showing any signs of recognition
memory. In contrast, the 6- and 12-month old full-term infants only required 15 and 10
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seconds, respectively, before showing signs of recognition. In a later study, when
tamiharization time was held to a maximum of 5-20 seconds, preterm infants were
unable to recognize the novel object until eight months corrected age, while full-term
infants readily made the discrimination at six months of age (Rose, Feldman. & Wallace,
1988). Full-term infants were also found to exhibit more mature patterns of attention
than preterm infants, with less off task behavior and more attention to the novel stimulus
(Rose, Feldman, & Jankowski, 2001). These results suggest that preterm infants do not
have a deficit in the ability to process information, per se, but may simply require more
time m order to gather and retain information from the environment. Thus, behaviorally
they appear to differ, but ultimately they function similarly.
Rose, Feldman, and Jankowski (2002) found similar results of slowed processing
in preterm infants at five, seven, and twelve months corrected age. They were able to
quantify the differences in processing speed between preterm and full-term infants by
assessing the length of time required for both groups to reach the point at which the
infants attended more to the novel display than to the familiar display. They found that
the preterm infants required about 30% more time to reach their criterion than did the
full-term infants. Of considerable interest is the fact that this difference persisted across
ages and despite the age correction, with the processing speed of the older preterm
infants improving at the same rate as that of the full-term infants, but with no indication
that the preterm infants were “catching up” to their full-term counterparts (Rose,
Feldman, Jankowski, 2002).
While the above-mentioned studies suggest that preterm infants require longer
periods of examination in order to become familiar with an object, Ruff (1986)
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hypothesized an entirely different explanation for these slower discrimination abilities.
Her research proposes that at seven months corrected age, the increased time needed for
preterm infants to become familiarized with an object was caused by a delay in initiation
to explore the object, not by longer exploratory times. Furthermore, once they did
initiate examination, the preterm infants spent less time in focused attention than did the
full-term infants. Thus, their failure to discriminate a novel object from a familiar one
was due to a reduced amount of exploration time because of lack of attending. Although
most of the research supports a delayed processing explanation, some doubts remain as to
what the actual developmental differences are between the full-term and preterm
populations.
2- The Role of Attentional Processes in Reaching
Kopp (1974) examined the reaching and manipulatory abilities of both full-term
and preterm infants and divided them into coordinated and clumsy groups according to a
criterion skill level. She found that infants with better reaching skills spent more time
manipulating and exploring the objects than those who had greater difficulty obtaining
the object. The clumsy group, which consisted of the majority of the preterm infants,
spent more time visually examining the object and less time haptically exploring, than
did the coordinated group.
Kopp (1974) hypothesized that difficulty in obtaining the object and the lack of
manipulation caused by their poorer motor coordination, allowed the infants in the
clumsy group to visually examine the object without being distracted by the need to
perform motor actions that they found difficult. Thus, by reducing the attentional
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demands of exploration by lowering the motor demands, the infants were able to attend
to the objects visually, without distraction. Attention was available to be directed tttward
the object of interest and not toward regulating motor movements. As a result,
exploration of the objects could take place visually, even in the absence of haptic
exploration. These results are in keeping with those reported in Chapter 1, which suggest
that if motor abilities are allowed to consume all of the infant's attention, exploration of
the environment will be severely compromised (Passingham, 1996).
3. The Role of Experience
Like many aspects of motor development which are hypothesized to occur based
on a biological timeline regardless of prematurity, the development of visual abilities also
appears to follow a predetermined timeline that is neither enhanced nor diminished by the
visual experience of the preterm infants (Weinacht, Kind, Monting, & Gottlob, (1999).
However, as is true of many of the areas of preterm development, and as will be
discussed below, there are competing explanations and results regarding the development
of visual abilities in the preterm population.
4. Physiological Factors
a. Neurological Aspects of Attention.
Effects of preterm birth have been found within the visual system of healthy
infants born prior to thirty-one weeks gestation. Toward the end of the second trimester
the dendritic system undergoes extensive development, particularly by the pyramidal
neurons of the visual cortex (Schulte, Stennert, Wulbrand, Eiochhorn, & Lenard, 1977).
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Evidence from visual evoked responses suggests that when infants are born prior to the
occurrence of this period, the dendritic arborization of the visual cortex is delayed or
altered. Researchers propose that this altered development within the visual system may
result in reduced visual attentional abilities of preterm infants (Schulte et al„ 1977).
Significantly, research suggests that visual differences found within the preterm
population in infancy are still evident at school age. For example, 6-year-old children
(uncorrected age), born between 27-32 weeks gestation, were found to have greater
difficulty with visuomotor actions, such as pointing to a particular object, than did 6-
year-olds who were born at full-term (Foreman, Fielder, Minshell, Hurrion, & Sergienko,
1997). These differences in performance may be the result of differential rates of
development of the occipito-posterior parietal stream, discussed in Chapter I
. Since the
parietal lobe appears to have a role in attention and motor control (Stein, 1995),
disruption of occipito-parietal projections could account for the deficits in visual
information processing exhibited by children who had been born preterm (Foreman et al.,
1997). What is unclear, however, is whether these differences are also found in preterm
infants born at later gestational ages or whether birth prior to 32 weeks gestation causes
disturbances in the visual system because it coincides with a sensitive, critical period of
development of this system.
b. Physiological Aspects of Attention
The heart rate responses to the orienting and sustained phases of attention,
discussed in Chapter 1, have been found to differ between preterm infants and full-term
infants (Richards & Casey, 1992; Richards, 1994). Although heart rate decelerations
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were found during the orienting and sustained phases of attention and increases were
found during the attention termination phase, the degree of responsiveness varied
between the two populations. At three months corrected age, both low-risk and high-risk
preterm infants (3 1 -34 weeks gestational age at birth) demonstrated lower rates of heart
rate response to attentional phases than the full-term infants (Richards & Casey, 1992;
Richards, 1994). These differences did not entirely correct with maturity, such that even
though by 6 months corrected age the low-risk preterm infants were beginning to show
more typical heart rate responses during phases of attention, they were still not equal to
those of the full-term infants (Richards, 1994).
Since heart rate responses are a good indication of behavioral states, these results
suggest that the attentional level of preterm infants may not be as in-depth as that of full-
term infants. This may account for the perceived reduced attention spans of preterm
infants (Ruff, 1986). Conversely, it may also account for the longer exploration times
found by some researchers, since the reduced depth of attention could necessitate longer
periods of exploration in order to gather a similar amount of information (Rose, 1980;
1983; Rose, Feldman, Jankowski, 2002).
C. Haptic Development
1. Haptic Perception of Object Properties
It appears widely accepted that differences in exploration of objects do exist
between full-term and preterm infants, even when preterm infants are tested at corrected
ages. The explanations for these variations differ considerably. For example, research
has shown that preterm infants explore familiar objects for greater periods of time than
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do full-term infants, indicating, as with visual exploration, that preterm infants require
more time to assimilate the objects’ properties than do full-term infants (Sigman, 1976;
Ungerer & Sigman, 1983). Conversely, Ruff et al. (1984) also found longer episodes of
exploration in preterm infants as compared to full-term infants, but they determined that
the increased amount of exploration was the result of the more advanced exploratory
skills of the preterm infants, due to their greater postnatal experience.
Finally, Bartlett and Piper (1993) postulate that preterm infants are both
qualitatively and quantitatively different from full-term infants as a result of differences
in the development of many of the infants’ sensorimotor systems. Whereas, in full-term
infants, these systems seem to develop in concert with each other, Bartlett and Piper
(1993) propose that the sensory systems of preterm infants develop at different rates.
Because of these differences, they believe that preterm infants should not be compared to
full-term infants during development but, rather, should be evaluated based on the overall
development of other preterm infants.
2. Required Motor Abilities
In order to haptically explore objects, infants need to have sufficient fine motor
abilities to enable them to manipulate objects in a variety of ways. Neuropsychological
analyses of preterm infants born prior to 32 weeks gestation have revealed deficits in
some of these fine motor abilities, resulting in difficulties with the tactile exploration of
objects (Luoma, Herrgard, Martikainen, 1998). Similarly, Thun-Hohenstein, Largo,
Molinari, Kundu, & Due (1991) compared the fine motor development of high-risk
preterm infants (27-32 weeks gestation at birth) and healthy full-term infants. They found
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significant differences in ability to grasp and in maniptilalory skills at 6- and ^-months
corrected ages.
These problems with manipulatory skills are not conf ined to high-risk preterm
infants. As discussed previously, Plantinga, Perdock and de Groot (1997) also found
problems with the manipulatory skills of healthy preterm infants born between 27 and 34
weeks gestation. In this group, coordination of grasping and wrist rotations were found
to be of poorer quality in the preterm infants than in the full-term infants, when tested at
39 weeks corrected age. Conversely, Forslund and Bjerre (1985) found similar
development of manipulatory skills between full-term infants and preterm infants, born
between 27 and 34 weeks gestation, when compared at nine months corrected age. Thus,
while it appears that manipulatory skills are compromised in high-risk preterm infants, a
question exists as to the development of these skills of healthy preterm infants.
3. Required Attentional Abilities
In addition to differences in exploration of objects. Rose, Gottfried, and Bridger
(1978) found the ability of preterm infants (mean gestational age at birth of 32.6 weeks)
to discriminate objects based on cross-modal tasks to differ from that of full-term infants,
at 1-year of age (corrected for preterm infants). In such a task, the infants were allowed
to explore an object in one modality, such as tactual exploration, and then had to
discriminate it from a novel object based on information from another modality, such as
vision. While the full-term infants in their study were able to make these types of
discriminations, the preterm infants were not, despite the age correction.
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Rose and colleagues (1978) believe that Ihe pr„blen,s may lie in lh.ee a,eas.
First, the preterm infants may not be encoding or retaining the information received from
the tactual exploration. Second, as suggested by Sigman ( 1976), the preterm infants may
require longer periods of exploration in order to process the information from the tactual
experience, the same as they do with visual information processing. Third, a deficit may
exist in sensory integration, such that the preterm infants are unable to combine the
information gathered from tactual exploration with that gathered visually, into a cohesive
unit that can then be accessed via either modality (Rose, Gottfried, & Bridger, 1978).
4. Physiological Factors
Certain aspects of brain development needed for exploration of objects appear to
follow a typical developmental trajectory. Low-risk preterm infants, born prior to 37
weeks gestation, have been found to display typical somatosensory brainstem evoked
potentials when tested at 40 weeks gestation (term) (Majnemer, Rosenblatt, Willis, &
Lavallee, 1990). These results hold that the myelination of the sensory pathways of
healthy preterm infants occurs in a fashion similar to that of full-term infants and that
these pathways are functioning normally by the time the preterm infants reach the age of
a full-term birth (Majnemer, et al., 1990). Similarly, peripheral proprioceptive and motor
nerve conduction velocities have been compared in healthy preterm infants (32-35 weeks
gestational age at birth) at 40 weeks gestation (term) with full-term newborn infants
(Bougie et al., 1990). Both the motor and proprioceptive nerve conduction velocities of
the preterm infants were found to be similar to those of the full-term infants, suggesting
that the myelination of these systems is similar once degree of prematurity is coiTected.
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Despite these physiological similarities, Als (1995) postulates that the
multisensory experience of the preterm infant born prior to 40 weeks gestational age may
result m a reorganization of areas of the brain, caused by unanticipated stimulation at a
time when the brain is growing rapidly. She suggests that development of areas of the
brain that are sufficiently matured so as to accept the extra-uterine stimuli may be
accentuated, while other less mature areas may be inhibited in their development. For
example, during typical development between 28-32 weeks gestation, a vast over-
proliferation of cortical neurons occurs, resulting in an approximate 2.5 fold increase
(Rabinowicz, De Courten-Myers, Petetot, Xi, & De Los Reyes, 1996). Following this
increase, a subsequent reduction of approximately 70 percent occurs during the
remainder of gestation, with the sensory areas continuing to decline slightly after birth.
Experiments show that if insults occur during the time of apoptosis, or cell
reduction, a greater number of neurons than normal may be preserved. These “spared”
neurons may then be able to assume the responsibilities of neurons lost to the insult
(Rabinowicz et al., 1996). The spared neurons may also produce an altered organization
from that which would have typically developed.
5. Experiential Factors
As discussed in Chapter 1, improvement in the ability to gain information from
haptic exploration requires that an infant become proficient enough at the necessary
motor movements as to allow attention to the information gathering aspect (Ruff, 1989).
Whether or not preterm infants develop this proficiency at comparable corrected ages as
full-term infants is unclear. Also uncertain is the amount of time needed by preterm
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infants to obtain information via exploration. Finally, the interaction between motor
development and visual exploration needs to be examined in order to more fully
understand the developmental trajectory of haptic exploration for preterm infants.
DJffects of Reachin g and Rx Dloratorv Rehnviors on Tnanifinn
The development of reaching and visual exploration reveals a relationship in
which the activities of each supports or limits the ability of the other, depending on which
is the more temporally immature system at any given time (Bushnell & Boudreau, 1993).
Haptic exploration and attention share a symbiotic relationship (Gibson & Schmuckler,
1989). Therefore, it is important to determine what delays, if any, in motor growth or
information processing exist, in order to understand the more global effects on the
preterm infant’s development.
When examining the development of preterm infants and attempting to establish a
developmental trajectory for this population, it is important to keep in mind how the
behaviors of preterm infants often differ, both quantitatively and qualitatively, from those
of full-term infants. Therefore, it may be inappropriate to compare and equate the two
populations and may be more beneficial to assess preterm infants based on their own
characteristics (Als, 1995; Palmer, Dubowitz, Verghote, & Dubowitz, 1982).
E. Summary and Conclusions
The interrelation between motor actions and cognitive development is
unquestionable. Just as reaching enhances the ability to learn from the environment,
what one learns also effects how such actions are chosen and executed. The absence of
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typical development in either the cognitive or the motor realm is likely to result in
deficits to both areas. Thus, it is imperative that infants learn to suecessfully attend to
and act upon the environment. In order for interactions with the environment to be
successful, infants must learn to integrate information from sensory, proprioceptive, and
motor modalities. This integration occurs as the infant begins to explore the
environment. Through such explorations, the inlant develops a repertoire of actions, or
synergies (Bernstein, 1967), which enables learning the sensory consequences of
different actions (Sporns & Edelman, 1993; Thelen & Smith, 1994). Once such
consequences have been learned, the ability to control actions in a prospective manner
becomes available (von Hofsten, 1993; Thelen, 1995; Berthier, 1996). This ability is
necessary due to the changing demands of the non-stationary environment (von Hofsten,
1989). The development of these synergies also results in freedom from the need to
attend to all aspects of the motor action, leaving the infant free to direct attention to other
aspects of the environment (Passingham, 1996; Bertenthal, 1996).
The development of these synergies is dependent upon interactions between
different regions of the brain. The frontal and parietal regions are activated during
learning of motor actions and are involved in directing attention to the task being
performed (Jueptner et al., 1997; Shadmehr & Holcomb, 1997). Area 5 of the posterior
parietal cortex is also involved in planning, monitoring, and correcting reaches by
converting and combining sensory and motor information (Kalaska, Caminiti, &
Georgopoulos, 1983; Georgopoulos, 1995; Georgopoulos, 1995; Schweighofer, Arbib, &
Kawato, 1998). Once an action has been learned, the cerebellum appears to play a major
role in the regulation of the learned action (Cambridge, Davis, & Minden, 1997).
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G.ven the apparent slowed proeessing skills and the proposed delays in tine motor
development of the preterm population, it is unclear whether these infants have tlte skills
necessary to interact with the environment in the same manner as tlieir full-term
counterparts. If, as Passingham (1996) suggests, infants must attend to an action until it
becomes automatic and, similarly, if the abihty to attend to objects must become lluent
before attention can be directed to motor actions, slowed processing in either area could
limit or alter the ability of preterm infants to interact with the environment.
F. The Proposed Study
This study compared the development of reaching, attention, and exploratory
behaviors, across a range of ages with full-term and preterm infants. The theoretical
framework for this study was based primarily on the concept that attending to and acting
upon the environment are inextricably linked. Together, attention and motor
development form an optimal framework for interacting with and learning from ones
surroundings. Difficulties in either area of development would impact the progress of the
other, thus affecting the infant’s ability to interrelate with the world in which they live.
This theory is elucidated in Bushnell and Boudreau’s (1991) “double-filter
model” of haptic perceptual development. This model holds that motor and cognitive
constraints work together to enable or to prevent an infant from gaining information from
the environment. Bushnell and Boudreau (1993) propose that the motor abilities of an
infant will determine the “lower bounds” of an interaction, since the ability to reach for
objects, and subsequently to grasp and obtain them, will decide the degree of interaction
available to the infant. Following the development of the necessary motor abilities, the
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cognitive abilities of the infant will then determine the amount of information the infant
can glean from the environment. Thus, if either motor development or cognitive
development is impaired, the ability to haptically perceive the environment will al.so be
delayed. Although this model has gained considerable support, examining it in rclalion
to infants who may have difficulties in either attentional or motoric development, or hoth,
will enable a close inspection of the interaction between vision and motor abilities during
information gathering. Such an inspection will provide further insight into the roles lhal
vision and haptic exploration play in an infant's ability to obtain information from the
environment.
The following questions will be explored. First, in the area of motor
development, does preterm birth alter the development of motor abilities? If it does, how
so? Is motor development more advanced in preterm infants as a result of their extended
postnatal experience? Is it delayed due to the less optimal extra-uterine environment ? If
it is delayed, does it follow the same trajectory as that of full-term infants or is preterm
motor development fundamentally different from that of the full-term population?
Second, in the area of attentional development, how, if at all, does preterm birth affect
the development of attentional/perceptual abilities? Is the development of attention more
advanced, more delayed, or fundamentally altered from that of full-term infants.^ Third,
in the area where motor development and attentional development intersect, do
attentional and motor abilities develop concomitantly in the preterm population, as they
are believed to in the full-term population, or do they develop independently of one
another? If development is independent, which is more advanced and which appears to
be the rate-limiting step as the preterm infant interacts with the environment?
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There were three primary purposes of this study. The first was to examine the
development of reaching abilities of infants born preterm and to compare it with that of
full-term infants. This was done by comparing the kinematics and attentional processes
during a reaching task requiring fine motor abilities necessary for the prehension of a
small object, with a task requiring more gross motor abilities necessary for the
prehension of a large object. Recent research (O’Sullivan, Johnson, & Berthier, 2001 ) has
found that when six-month-old full-term infants reach for a small object, the time
between initiation of the reach and contact with the object is slowed compared to easier
reaches for a large object. This suggests that infants of this age are able to perceive the
difference in object size and to act accordingly. What was not known, and what this
study explored, is whether or not the kinematics of more difficult reaches differ from
those of easier reaches. This is important because assessment of this ability in preterm
infants enhances our understanding of the developmental trajectory of reaching in this
population and how it compares to that of the full-term population.
The second purpose of this study was to explore and compare the development of
knowledge regarding object properties between the two populations and across ages and
to examine how motor development and attentional development interact to form this
knowledge. Specifically, is the development of haptic abilities delayed for preterm
infants and, if so, does such a delay affect their ability to acquire object property
concepts? This assessment was done by comparing the behavioral data of full-term and
preterm infants in a paired-comparison situation. In the paired-comparison paradigm, the
infants were familiarized with a particular object and the familiar object was then paired
with a novel object. The infants were then allowed to choose and to reach for one of the
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two objects. Depending upon the type of trial, the familiar objects differed either by
texture or configurational shape from the novel objects. Familiarity with one object from
each set helped to determine the degree to which the infants had acquired perceptual
knowledge about the familiar object and whether or not they could apply that knowledge
in order to distinguish the property differences between the two objects. It was assumed
that if the infants were able to process the information and detect the difference, they
would reach for the novel object in order to explore its as yet undiscovered properties.
The third purpose, related to the second, was to examine and compare, across
ages and groups, the development of haptic abilities and how such abilities help in
acquiring object property concepts. This was done by comparing behavioral data from
haptic exploration of objects, once they had been acquired through reaching. As
mentioned above, the property that varied was either texture or configurational shape.
From a developmental perspective, infants are believed to acquire the ability to detect
textural differences before shape differences. An understanding of these property
differences may be acquired through mapping together visual and tactile information
during exploration of objects, or through vision alone. If haptic exploration is necessary,
however, an important component in acquiring this competence would be the ability to
perform the motor actions necessary for property detection. Since infants are able to
finger objects before they are able to rotate them and pass them from hand to hand, they
tend to acquire textural information prior to acquiring configurational shape information.
Thus, current theory holds that texture discrimination can be made by about six months
of age, while configurational shape discrimination occurs by about ten months of age
(Bushnell and Boudreau, 1991). An assessment of haptic abilities, in concert with the
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paired comparison paradigm, offers insight
and perceptual abilities in the full-term and
timetable on which these abilities develop.
into the development and interaction of motor
preteim populations and lurther illustrates the
68
CHAPTER III.
METHOD
A. Participants
Two samples of infants were recruited for participation in this longitudinal study.
The first consisted of eighteen full-term healthy infants who participated at 6-, 8-, and 10-
months of age. Of the eighteen infants enrolled, seventeen completed all three sessions.
The second sample consisted of healthy preterm infants who participated at 8-, 10-, and
12-months of age. Due to the relatively small population of preterm infants in Western
Massachusetts, it was not possible to recruit a comparable numbers of infants. After six
months of recruitment, eleven preterm infants were enrolled in this study. Of the eleven
preterm infants, nine completed all three sessions.
The ages for the full-term infants were chosen for the following reasons. At six
months of age, the infants had developed reaching abilities that were sufficient for
participation in the proposed tasks, while still posing a challenge. Participation of this
group also allowed for assessment of the development of texture discrimination. The
performance of the eight-month-old infants provided information as to the development
of reaching and haptic skills used during the tasks. Finally, the participation of the ten-
month-old infants was necessary to assess the more difficult haptic discrimination of
configurational shape and the further development of reaching skills.
Participants from both populations were recruited from birth records supplied by
the Massachusetts Department of Statistics. Infants were recruited by means of an
explanatory letter and a follow-up telephone call to parents. Infants were given a small
gift for participating in each of the three sessions.
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B. Stimuli and ADpai;itn>;
Infants were presented with two types of trials, single toy trials and dual u>y trials.
The stngle and dual trials were further separated into small toy trials and Ittrge toy Iritils.
Stngle small toy trials consisted of the presentation of a coiled red plastic key chain or a
looped red fuzzy pipe cleaner, of which all but a few coils or loops were concealed
withiti the experimenter’s hand. The size of the exposed coils or loops were
approximately 2 cm in height. This size was used to promote more effortful reaches and
grasps across ages. Single large toy trials consisted of the presentation of a five cm in
diameter blue plastic star or similarly sized blue plastic pentagon. This size was chosen
so as to be easily graspable by even the youngest infants.
Presentation of the specific small or large toy was counterbalanced in order to
rule out preference effects during dual toy trials. The small toy and large toy trials were
used to compare attention and kinematics during more difficult reaches (small toy) and
during easier reaches (large toy).
Dual toy trials consisted of the simultaneous presentation of either both of the
small toys or both of the large toys. The dual small toy trials were used to assess abilities
in textural discrimination, while the dual large toy trials were used to assess abilities in
configurational shape discrimination.
Infant behavior was assessed using a video camera, an electrocardiogram (EKG),
and a motion analysis system. The video camera, a Sony digital (DCR-VXIOOO), was
placed behind and slightly to the left of the experimenter to provide a frontal view of the
infants. Video from this camera was used to assess the direction of the infant’s gaze.
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orientation to the toy, initiation of the reach, contact and grasp of il,e toy, and haptic
exploration of the toy.
EKG data was obtained by taping two electrodes to the infant’s chest and one to
the infant’s side. This data could be used to assess infant heart rate as a measure of
attention and concentration. The data was conventionally amplified and stored
computer following 12-bit analog to digital conversion at 100 Hz.
on a
In order to collect the kinematic data, two infrared emitting diodes (IREDs) were
taped on the back of the infant’s right hand, one was placed on the right elbow, and one
was placed on the right shoulder. The data was collected using three Northern Digital
Optotrack camera systems. One camera system was in line with and to the left of the
infant, one was in line with and to the right of the infant, and one was in front of and at a
45-degree angle to the right of the infant. Used together, the three camera systems
considerably reduced the data loss due to occlusion of the IREDs. The kinematic data
was used to gather information concerning the progression and path of the reach. The
recording of the EKG and kinematic data were triggered simultaneously and time-locked
to the video data with the use of a light emitting diode (LED) that was placed within the
camera frame and illuminated with the triggering of the EKG and kinematic data.
C. Procedure
All sessions took place in a research room at the University of Massachusetts,
Amherst. Each infant was familiarized with the room and with the primary experimenter
while the procedure was described to the parent and the consent form was signed. The
infant was then seated on a parent’s lap and the electrodes and IREDs were applied.
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Parents were instructed to provide their inlant with adequate postural support without
hindering the infant's ability to reach for the toy. The video camera was then turned on
and the primary experimenter took her seat, facing the infant. When not in use, toys were
kept on a small table behind the experimenter and out of view of the infant. The
secondary experimenter, who was behind a partition and out of sight of the infant, II,en
Simultaneously triggered the recording of the kinematic data and EKG data.
Experimental trials differed in length based on whether it was the first, second, or
third session. The trials were 30 seconds in length during the first session, 25 seconds in
length during the second session, and 15 seconds in length during the last session. The
trials were shortened with successive sessions in order to maintain the increasingly
shortened interest of the infants as they aged.
Following the triggering of the data collection systems for each experimental trial,
the primary experimenter then presented a toy or toys to the infant. Single toys were
presented in the experimenter’s hand, both hands were used for the dual toy trials. The
toy(s) were presented at each infant’s shoulder height and in line with the infant’s right
shoulder, to encourage right handed reaching. In addition, the toy(s) was presented at the
infant’s arm length, which was determined prior to the start of the experiment, and
ensured full extension of the infant’s arm during the reach. During the dual toy trials, the
toys were held approximately 10 cm apart from each other to allow for the scoring of
visual preference. If, for any reason, an infant did not acquire a toy during a trial, the
next trial was initiated following the end of the data collection period.
Each session consisted of the presentation of eight single trials and eight to ten
dual trials. The first set of eight trials consisted of single toy trials, presented in blocks of
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two, of either small or large toys. Order was counterbalanced so that half of (he infants
began the sequence with two small toy trials and half with two large toy trials. These
trials were used to assess attention, reaching, and haptic exploration of the toys and were
intended to familiarize the infants with one each of the small and large toys.
The second set of eight trials consisted of the dual toy trials, four large and four
small, m sets of two. Again, the order of these trials were counterbalanced so that half of
the infants began the sequence with two dual small toy trials and half began with two
dual large toy trials. Presentation of the toys were counterbalanced so that during half of
the dual trials the familiar toy was presented in the experimenter’s right hand and during
the other half of the trials it was presented in the left hand. These trials were used to
assess preference for, and haptic exploration of, the familiar toy versus the novel toy, as
well as attention and reaching in the circumstance of having to choose a toy from among
two toys prior to initiating a reach.
At the end of each trial, the experimenter retrieved the toy and placed it on the
table behind her. The appropriate toy for the upcoming trial was then chosen and held
behind the experimenter’s back in preparation for the trial start. The primary
experimenter then indicated readiness to the secondary experimenter who triggered the
data collection and the next trial then transpired.
D. Data Analysis
The analysis of each session consisted of scoring of the video and kinematic data,
based upon the following procedures. The video data was assessed for the subsequent
dependent measures described below, which were then used to determine the latencies
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involved in a number of the measures. These measures were chosen for examination
because of their relevance in determining attention to the toy(s) and for gathering
information about the haptic exploration of the toy(s). Due to the large amount of
information gathered from the video and kinematic data, the EKG data was subsequently
determined to be unnecessary and was not analyzed.
•• Dependent Measures from the Video Dnin
The dependent measures from the video data were defined as follows:
a. Orientation to the Toy
Infant gaze directed at the toy.
b. Reach Onset Time
The initiation of a continuous movement of either hand, resulting in contact with
the toy.
c. Contact With the Toy
Direct contact with the toy by either hand.
d. Grasp of the Toy
Full closure of the hand, or fingers, around the toy.
e. Haptic Exploration
i. Mouthing Any contact between the toy and the mouth or tongue.
ii. Toy Rotation
( 1 ) One handed rotation of the toy.
(2) Two handed rotation of the toy.
iii. Hand-to-Hand Transfers Passage of the toy from one hand to the other.
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f. Visual Disengagement
The time at which the infant’s gaze averted from the toy.
g. Latencies
I. Latency to Orient The delay between the start of the trial and visual attention
to the toy.
II. Latency to Initiate The delay between orientation to the toy and the initiation
of the reach.
( 1 ) Simple reaction time. The reaction time to reach during single toy
trials when no choice is necessary.
(2) Choice reaction time. The reaction time to reach during dual toy trials
when the target of action must first be chosen.
iii- Latency to Contact The delay between the initiation of the reach and contact
with the toy.
iv. Latency to Grasp The delay between contact with the toy and completion of
the grasp.
V. Latency to Visually Disengage The delay between orientation to the toy and
the end of visual fixation of the toy.
All of the video data were scored by the primary experimenter and one-third were
scored by an independent scorer. The results were compared to ensure inter-rater
reliability. In instances where the scores differed, the primary experimenter’s score was
used. Reliability to within 150 ms (4 video frames) was obtained on 84 percent of the
trials for orientation to the toy, on 87 percent of the trials for look length, on 87 percent
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of the trials for reach onset, and for 90 percent of the trials for contact and grasp of the
toy. Reliability for the haptic measures was achieved to within 150 ms on 87 percent of
the trials for one-handed rotations, on 86 percent of the trials for two-handed rotations, on
88 percent of the trials for hand-to-hand transfers, and on 86 percent of the trials for
mouthing time.
The motion analysis data were analyzed to obtain the kinematics of the transport
phase of the reach. Only single trials were used for kinematic analyses because they
were determined to provide a clearer picture of the reaching measures, uninOuenced by
the presence of the dual toys. The transport phase is defined as beginning with the
initiation of the reach and ending with contact with the toy. The transport measures were
assessed using the dependent measures detailed below.
2- Dependent Measures from the Motion Analysis Data
The dependent measures from the motion analysis data are defined as follows:
a. Duration
The movement time of the reach beginning with initiation and ending with
contact.
b. Average Hand Speed
The mean value of hand speed from initiation until contact.
c. Peak Speed
The maximum hand speed.
d. Number of Speed Peaks
The number of peaks that occur during the transport phase of the reach.
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e. Distance
The three dimensional distance between the hand position at initiation and at
grasp.
f. Straightness
The total of the distance covered during the reach divided by the straight line
distance between initiation and grasp.
Following the independent scoring of each measure, the video and motion
analysis data were analyzed by both population and age group in order to assess
attentional load and kinematic differences with regard to the execution of easy versus
difficult reaches and with regard to reaching during one toy versus two toy trials. Within
each population, the data were compared across age groups in order to assess
maturational changes in the attentional load and the kinematics required to perform the
tasks. The data from the two populations were then compared to assess attentional and
kinematic responses of the full-term and preterm infants, across age groups and tasks.
E. Hypotheses
The two trial types were designed to assess reaching kinematics, visual attention,
and haptic exploration under increasingly difficult task demands. The small and large
object trials were used to assess differences in attention and kinematics based on size.
The dual object trials were used to assess differences in attention based on familiarity
versus novelty. The experimental design confounds size with modality of discrimination:
The two small objects required the infants to discriminate on the basis of texture, while
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the two large objects required the infants to discriminate on the basis of shape. 'Fhis latter
difference assesses the effects of haptic development on object property concept
development in that the infants were given the opportunity to both visually inspect and
haptically explore some of the toys before they were required to choose between the
familiar toy and a new toy that was different in texture or configurational shape. In
addition, the single and dual toy trials were compared to assess differences in attention
when there was only one object requiring attention versus when demands were increased
by the need to attend to and choose one toy or another. The collection of these data led to
the following hypotheses.
1. Similar-but-Delayed Trajectory Hypothesis
a. Motor Hypothesis
This hypothesis states that both full-term and preterm infants follow the same
trajectory of motor development, with the preterm infants being delayed based on the
degree of their prematurity. As a result of the differing ages of the two populations (6-
month full-term, 8-rnonth preterm), the youngest infants in both groups should display a
similar kinematic profile. Due to their ages and the difficulties of these tasks, we
anticipate that all of the kinematic measures will show substantial variability. We
anticipate that reaches at this stage of development will contain many submovements, as
multiple corrections in hand directions and speed will have to be made. With advancing
age, reaches will become smoother and more direct. The kinematics of the large toy
trials should be more advanced than those of the small toy trials, due to reduced task
demands, since reaching for a large object should be easier than reaching for a small
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object. Kinematics should not be affected by the dual toy trials or by any
novelty/familiarity preference.
b. Visual Attention Hypothesis
Based on the similar but delayed development hypothesis, both the youngest full-
term and preterm infants (6-month full-term, 8-month preterm) should display the
greatest amount of attention, evidenced by longer and more looks to the toys. With
advancing age, the infants of both groups should show increasingly shorter bouts of
attention, due to more advanced information processing skills. The need to choose
between two toys prior to planning a reach during the dual trials should initially require
more attention than during the single trials for all infants. Finally, the novel small toys of
the dual trials should attract the highest degree of attention for all infants, since all of the
infants should be able to detect the textural differences of the small toys and recognize
the novel toy. The novel large toys should be identifiable as novel to only the oldest
infants in both groups.
c. Haptic Exploration Hypothesis
With regard to haptic exploration, it is hypothesized that the youngest full-term
and preterm infants will show more immature forms of exploration (i.e. mouthing and
banging), the middle group will show slightly more mature forms of exploration (i.e.
hand rotation), and the oldest group will show the most mature forms of exploration (i.e.
hand-to-hand transferring). In addition, it is hypothesized that the time spent in haptic
exploration will decrease from the younger group through the older group. Since texture
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differentiation is believed to be present by six months of age in the full-term population,
and since the youngest preterm infants were approximately two months older than the
youngest full-term infants, all infants should be able to make this distinction. Thus, the
small novel toy will be chosen during the majority of trials.
The large toys differ only with respect to configurational shape. Since the ability
to differentiate shape is believed to be undeveloped until around ten months of age in the
full-term population, only the oldest full-term infants should be able to make this
distinction and choose the large novel toy during the majority of the trials. In addition,
given that the oldest preterm infants were 12 months old at time ot testing, they should
choose the large novel toy more often than the large familiar toy.
2. Atypical Developmental Trajectory Hypothesis
a. Motor Hypothesis
If there is a different motor development trajectory between the full-term
population and the preterm population, meaning that the development of reaching in the
preterm population does not follow the typical pattern of development, it is hypothesized
that the kinematics will vary between full-term and preterm infants, in that the
progression from many submovements produced by novice reachers to fewer
submovements and smoother reaches exhibited by experienced reachers, will not be
found. Instead, we hypothesize that even the more experienced reachers within the
preterm population would continue to exhibit multiple submovements, and will show
other variations in kinematics that are not typically found during typical development.
How size changes would affect the kinematics of a reach, if at all, cannot be anticipated.
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b. Visual Attention Hypothesis
If attentional development is atypical in the preterm population, results should ,u)l
show the same progression from high levels of attention in the younger infants, to more
reduced levels as the infants mature. Differences should also be found in the interactions
between motor and attentional development. If, as Busnell and Beaudrou (1993) suggest,
the development of one system is dependent on the other, atypical progression of either
motor or attentional development should be evidenced by advancements in one area,
while the other area lags behind.
c. Haptic Exploration Hypothesis
Atypical haptic development should be evidenced by varying patterns in the types
of exploration found within the preterm infant. While full-term infants progress from
more immature forms of exploration, such as mouthing, to more mature forms, such as
rotations and hand-to-hand transfers, preterm infants should show more variation either
in the order of preferred manipulations or in the lack of such an order. In addition, the
types of behaviors performed for texture and shape detection should vary from those of
the full-term infants.
3. Similar-Advanced Developmental Trajectory Hypothesis
a. Motor Hypothesis
If, as some research suggests, the more extended postnatal experience of preterm
infants enhances motor development, the preterm infants should exhibit more mature
motor patterns than the full-term infants. Fewer submovements, resulting in smoother
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and straighter reaches, should be evident for all of the preterm infants in comparison to
the full-term infants. The preterm infants should also be more proficient at reaching for
the small toy than are the full-term infants.
b. Visual Attention Hypothesis
Preterm infants should be better at information processing than full-term infants
and, therefore, should exhibit shorter and fewer looks to the toys. The preterm infants
should also be readily able to distinguish between the toys that differ by texture (small) at
all ages and shape at the second and third ages. Conversely, while full-term infants
should be able to distinguish texture differences at all ages, they should not be able to
detect shape differences until the oldest age.
c. Haptic Exploration Hypothesis
The preterm infants should exhibit more advanced forms of manipulatory
behaviors than the full-term infants for both types of toys. For example, less mouthing
and more toy rotations should be performed by the preterm infants, while more mouthing
and fewer rotations should be executed by the full-term infants. Overall, the preterm
infants should produce fewer manipulations than the full-term infants, due to increased
processing speed.
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CHAPTER IV.
RESULTS
Eighteen full term infants and 1
1
preterm infants participated in this study. Of the
18 full-term infants, 17 completed the 3 sessions. Of the 1
1
preterm infants, 10
completed the 3 sessions. The number of trials completed by each infant during a single
session ranged from 13 to 18, with a total of 1,445 trials for the entire length of the study.
Of the total number of trials, 672 single trials (336 small, 336 large) and 773 dual trials
(398 small, 375 large) were completed during the study.
Of the three different types of data collected, behavioral (video data), kinematic,
and heart rate, only the behavioral and kinematic data were analyzed and included in
these results. The heart rate data were not analyzed since it was determined that
sufficient data was gathered from the other two sources.
No significant sex differences were found for any of the dependent variables, so
the data were collapsed across sex. The data were also examined for significant changes
in behavior due to the two different small toys and the two different large toys. None
were found, so all small trial data were collapsed together and all large trial data were
collapsed together, regardless of the specific toy used for each trial. Analyses of
variances (ANOVAs) were performed by means of repeated measures, using a 2 (Age) x
2 (Size: large/small) design for the single toy trials and a 3 (Age) x 2 (Size) x 2
(Preference: novelty/familiarity) design for the dual toy trials. Single toy trials and dual
toy trials were examined separately for the reaching and the exploratory behaviors
sections, since, in some instances, behavior differed between the two trial types.
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A. Single Toy Triiils
Infants were comfortable and actively participated in the experiment. The infants
averaged approximately one reach per trial and no differences were observed in the
numbers of reaches to either the large or small toys, or with increasing age.
Full-term infants showed changes in their reaching over the repeated testing
sessions and showed some variations in the way that they reached for the two different
sized objects. Table 1 shows the results of the kinematic analyses of reaching on single
toy trials for the full-term infants. Optotrak data were not available for the middle testing
session for the full-term infants because of an equipment malfunction.
Full-term Infants
Table 1: Single Trial Full-Term Behavior
Age Size
Age 1 Age 2 Age 3 Sig Small Large Sig
Video Measures
Number of Reaches
Reaction Time Age; F(2,32)=7.1,p<.003
Size: F(l,16)=38.7, p<.001
Movement Time Age: F(2,32)=4.93,p<.014
Grasp Time Age; F(2,32)=8.8, p<.001
Optotrak Measures
Average Speed Age: F( L 1 6)=24. 1 6, p<.0
1
Peak Speed
Distance
Age: F(l,I6)=25.2Lp<.01
Size: F(l,16)=7.85, p<.01
Path Length
Straightness
Duration
Age: F(L16)=8.31,p<.01
Number of Speed Peaks Age: F(l,16)=15.43, p<.01
Exploratory Behavior
Numbei' of Looks Age: F(2,32)=5.42, p<.()()9
Size:F(l,16)=5.65,p<.03
Look Length
1
-
Handed Rotation
2-
Handed Rotation
Age: F(2,32)=8.56, p<.001
Hand-Hand Transfer
Mouthing
Size: F(l,16)=18.97, p<.001
0.98 0.96 0.98 0.98 0.96
1.75 2.09 1.38 X 2.19 1.29
1.57 1.39 1.12 X 1.43 1.29
1.2 1.1 0.74 X 0.99 1.03
263 160 X 218 204
1102 544 X 911 734 X
134 134 121 130
244 177 X 214 207
2.13 1.8 2.09 1.83
1.18 1.20 120 1 17
4.32 2.82 X 3.74 3.41
2.35 2.12 1.77 X 2.16 2 X
6.63 5.54 3.91 X 5.67 5.05
1.68 1.18 1.88 1.59 1.57
0.85 1.35 0.68 0.94 0.98
3.41 3.56 2.41 4 2.25 X
3.58 3.51 2.31 3.05 3.22
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Figure I: Single trial reaching behaviors of reaction time, movement time, and grasp
time for full-term and preterm infants.
Full-term infants showed statistically significant decreases in reaction, movement,
and grasp time with age. These changes are shown in Figure 1 . The overall changes in
the variables were modest, with decreases ranging from 20 to 40% over the four months
of the experiment. These decreases were accompanied by a slowing and smoothing of
the motion of the hand. Significant decreases were observed in peak and average hand
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speed, hand path length, and the number of hand speed peaks. Figure 2 shows the change
m average hand speed and number of speed peaks for bolh the full-lerm and preterm
infants. The overall impression of the change in reaching of the full-term infants with
age was a qutckening of the reaction and planning times, along with an increase in the
overall control of the reach. This resulted in a smoother, more direct reach.
Other than significantly shorter reaction times and lower peak speeds when
reaching for the large toys, toy size (type) had little impact on reaching in full-lerm
infants.
Average Speed Number of Hand-Speed Peaks
350
# Full-Term
300 —
-O — -Preterm
6 8 10 12
Age (months)
5.5
5
4.5
4
3.5
3
2.5
2
1.5
Full-Term
" D —
-Preterm
0.5
0
8 10
Age (months)
Figure 2: Average hand speed and number of hand-speed peaks for full-term and
preterm infants.
As with the full-term infants, preterm infants showed a statistically significant
decrease in movement and grasp time, and a non-significant decrease in reaction time
with age (Figure 1). Table 2 shows the results of the statistical analyses for preterm
infants. On average, preterm infants' reaction times were 400 ms shorter and their
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movement times were 140 ms longer than those of lull
-term inlants. The preterm infants
also showed significantly shorter ntovement and grasp times for reaches to the large toy
than to the small toy.
Table 2: Single Trial Preterm Behavior
Preterm Infants
Video Measures
^ Si/e
Age I A^e 2 Ajie 3 Sit: Age Small l.argc Siu
Number of Reaches
Reaction Time
Movement Time
Grasp Time
Optotrak Measures
Average Speed
Peak Speed
Distance
Path Length
Straightness
Duration
Number of Speed Peaks
Exploratory Behavior
Number of Looks
Look Length
1
-
Handed Rotation
2-
Handed Rotation
Hand-Hand Transfer
Mouthing
1 0.99 1
1 0.99
1.5 1.53 1.02 1.29 1.4
Age; F(2,16)=12.5,p<.OOI
Size: F(2,16)=14.7, p<.005
1.76 1.33 1.13 X 1.57 1.24 X
Age: F(2,16)=3.9, p<.042
Size: F(l,8)=14.69, p<.005
1.36 0.99 0.76 X 1.08 1.01 X
Age: F(2,14)=6.00, p<.01 124 152 205 X 157 164
396 458 872 584 566
Size: F(l,7)=5.75, p<.05 127 139 141 151 121 X
209 199 199 227 177
2.05 1.58 1.52 1.7 1.73
Age: F(2,14)=10.25.p<.01
Size: F( 1,9)= 17.26, p<.005
1.83 1.44 1.77 X 1.66 1.31 X
Age; F(2,14)=3.73, p<.05 4.48 3.35 3.09 X 3.94 3.34
2.19 2.36 1.94 2.23 2.1
Age: F(2,16)=6.81, p<.007
Size: F(l,8)=23.18, p<.0()l
5.26 4.71 3.37 X 4.99 3.9 X
Size: F(l,8)=5.28, p<.051 2.17 5.94 2.67 2.7 4.48 X
Age X Size: F(2,16)=6.0, p<.01
1
1.06 1.5 0.67 1 1.44 0.67 X
2 0.78 2.22
3 0.56 0.78
Age: F(2,18)=5.74, p<.012 4.7 9.3 4.3 X 5.67 6.53
Age X Size: F(2, 1 8)=9.6, p<.00 1 5.9 3.5 X
2 6.6 12
3 4.5 4.1
Age: F(2, 16)= 10.70, p<.001 6.75 5.29 0.82 X 4.78 3.79
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Like the full-term infants, the preterm infants' reaches beca.ne straighter, „f
shorter duration, and had fewer speed peaks with age. Unlike the full-term infants,
preterm infants' reaches became faster with age.
Overall, stmilar patterns of development were .seen with full and preterm infants,
m that their reaction times, movement times, and grasp times all decreased with age. The
number of hand-speed peaks also decreased with age, indicating straighter, smoother
reaching. However, the change in speed of reaching differed dramatically between the
two groups. Full-term infants reached very rapidly at young ages and decreased to a
moderate speed with age, while preterm infants started reaching very slowly and
increased to a moderate speed with age.
B. Dual Toy Trials
After presentation of single toys during single toy trials, pairs of toys were
presented during the dual toy trials. Tables 3 and 4 show the statistical results of the
analyses for full-term and preterm infants, respectively. As with the single trials, the
number of reaches did not vary with age, but as Figure 3 shows, reaction, movement, and
grasp times decreased substantially with age for both full-term and preterm infants. Both
groups also showed significantly more reaching to the dual small toys than to the dual
large toys. Preterm infants also reached with shorter movement times to the large toys
than they did to the small toys.
88
Full-term Infants
Reaching Behavior
Table 3: Dual Trial Full-Term Behavior
ilHi: Si/e
1 Age 2 Age 3 Sic Ajie Small Larce Sic
Number of Reaches
Reaction Time
Movement Time
Grasp Time
Size: F(1.16)=9.34, p<.()()8
Age: F(2.22)=3.71,p<.041
Age: F(2.22)=5.95, p<.()()9
Age: F(2.20)=3.83, p<.()39
Exploratory Behavior
Number of Looks
Look Length Age: F(2,32)= 11.73, p<.0()i
1
-
Handed Rotation
2-
Handed Rotation
Size: F( 1,16)= 14. 14, p< .002
Size: F( 1,16)= 18.26, p<.001
Hand-Hand Transfer Size: F(l,16)=8.22, p<.01
1
Mouthing Age: F(2,32)=3.37, p<.047
Age X Size: F(2,32)=5.29, p<.01
0.47 0.51 0.49 0.51 0.47
1.36 1.49 0.93 X 1.18 1.33
1.54 1.26 1 X 1.36 1.17
1.29 1.15 0.72 X 1.21 0.89
1.91 1.82 1.69 1.87 1.75
3.67 3.01 2.15 X 3.32 2.57 X
1.13 0.99 0.84 1.25 0.79 X
0.53 0.97 0.53 0.97 0.38
1.69 2.27 1.62 2.32 1.39 X
2.19 3.11 1.48 X 2.34 2.18
1 2.12 2.26 X
2 3.31 2.91
3 1.59 1.38
Preterm Infants
Table 4: Dual Trial
Reaching Behavior
Number of Reaches Size: F(l,9)=5.19,p<.049
Reaction Time Age: F(2,14)=5.15,p<.021
Movement Time Age: F(2,14)=7.43,p<.006
Grasp Time
Size: F(I,7)=6.51, p<.038
Age: F(2,18)=8.25,p<.003
Exploratory Behavior
Number of Looks Age:F(2,18)=3.38,p<.057
Look Length Age: F(2,16)=8.68, p<.003
1
-
Handed Rotation
2-
Handed Rotation
Hand-Hand Transfer
Mouthing
Size: F(l,8)=13.05, p<.007
Age: F(2, 18)= 10.09, p<.001
Preterm Behavior
Age Size
Age 1 Age 2 Age 3 Sig Small Large Sic
0.49 0.52 0.49 0.51 0.49 X
1.59 0.96 1 X 1.23 1.14
1.44 1.71 0.95 X 1.26 1 .05 X
1.23 0.69 0.59 X 0.77 0.9
1.61 2.12 1.78 1.87 1.81
3.2 2.36 2.17 X 2.86 2.3 X
1.58 1.42 1.22 1.57 1.24
0.35 0.6 0.5 0.45 0.52
2.83 3.23 2.35 3.55 2.05
6.33 3.53 0.95 X 3.85 3.36
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Figure 3: Dual trial reaching behaviors of reaction time, movement time, and grasp
time for full-term and preterm infants.
C. Exploratory Behavior
Visual and haptic exploratory behaviors were assessed, as was the amount of
mouthing, on both the single and dual toy trials. Figures 4 and 5 show how look length,
hand-to-hand transfer, and mouthing time changed with age for both groups of infants for
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smgle and dual-object trials respectively. When lull-tcrnt and preterm inlants were
compared, differences were observed with age, while dramatic differences in expk.ratory
behavior were seen. Tables I and 3 show the results of the analyses for full-term infants,
while Tables 2 and 4 show the results of the analyses for preterm infants.
Look Length Hand-to-Hand Transfers
Mouthing Time
6 8 10 12
Age (months)
Figure 4; Single trial exploratory behaviors of look length, hand-to-hand transfers,
and mouthing time for full-term and preterm infants.
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Look Length
Mouthing Time
Figure 5. Dual trial exploratory behaviors of look length and mouthins time for full-
term and preterm infants.
Table 5: Full-Term Novelty/Familiarity Preference
Novelty Novelty by Size
Full-term Infants Fam. Nov. Sig Age
Fam-
Sm
Fam-
Lg
Nov-
Sm
Nov-
Lg Sig
Number of Looks 1.72 1.89
Novelty X Size: F( 1,16)= 10.3, p<.005 1.67 1.78 2.07 1.71 X
Look Length Novelty: F(1.16)=19.54, p<.0()l 2.57 3.32 X
Novelty X Size: F(l,16)=4.99, p<.04 2.71 2.42 3.97 2.72 X
Number of Reaches Novelty:F(l
,
1 6)=6.2 1 ,p<.024 0.43 0.55 X
Novelty X Size: F( I,16)=8.58. p<.01 0.37 0.49 0.66 0.45 X
Reaction Time 1.31 1.21
Movement Time 1.3 1.23
Grasp Time Novelty: F(I,1())=21.20, p<.001 0.89 1.22 X
1-Hand Rotation 0.79 1.25
2-Hand Rotation Novelty: F( 1 ,16)=6.30, p<.023 0.47 0.88 X
Novelty X Age: F(2,32)=3.29, p<.05 0.41 0.65 X 1
0.71 1.24 2
0.29 0.76 3
Hand-Hand Transfer Novelty: F(l,16)=9.77, p<.007 1.35 2.61 X
Novelty X Age: F(2,32)=4.20,p<.024 1.47 1.91 X 1
1.65 3.62 2
0.94 2.29 3
1.31 1.39 3.82 1.35
1 1.29 1.65 2.47 1.35
2 1.65 1.65 5.59 1.65
3 1 0.88 3.41 1.18
X
X
Mouthing
Novelty X Size: F( 1.16)= 12.39, p<.()()3
Novelty X Age X Size:
F(2.32)=4.I4,p<.()25
2.29 2.24
Preterm Infants
Number of Looks
Look Length
Number of Reaches
Reaction Time
Movement Time
Grasp Time
1
-
Handed Rotation
2-
Handed Rotation
Hand-Hand Transfer
Mouthing
Table 6: Preterm Novelty/Familiarity Preference
^^*^'*-‘**> Novelty hv Size
Fam. Nov. Sic
Fam-
Sm
Fani-
Lc
Nov-
Sm
Nov-
L" Si-'
Novelty X Size: F( 1,9)=7.56, p<.()22 1.78 1.9 1.64 1.92 •> 1 1 7 \
Novelty: F( 1,8)=5.72, p<.()4 2.43 2.72 X 2.55 2.32 3.16 2 28
Novelty X Size: F( 1,8)= 16. 10, p<.004 0.43 0.57 0.36 0.5 0.66 0.48 X
1.09 1.28
Novelty: F(l,7)=10.71, p<.014 1.03 1.28 X
Novelty X Size: F( 1 ,9)=8.83, p<.() 1
6
0.82 0.85 0.77 1 .03 0.87 0.68 X
1.19 1.63
0.53 0.43
Novelty: F( 1 ,9)=1 1 .35, p<.008 2.5 3.1 X 2.73 2.26 4.37 1.83
3.7 3.51
Full-term infants showed statistically significant decreases in the number of looks
toward the toys as well as significant decreases in the total length of looking at the toys
during a trial. Haptic exploration and mouthing were relatively stable over the three
testing sessions. Full-term infants showed almost twice the level of hand-to-hand transfer
of the small toy than the large toy.
Preterm infants also showed large decreases in the length of looking with age, as
well as an overall decrease in haptic exploration over the three testing sessions. Most
dramatically, especially compared with full-term infants, preterm infants showed a large
amount of mouthing of the toys on their first two testing sessions and almost no
mouthing during the third session. Preterm infants looked significantly longer at the
small novel toy and haptically explored it more than the large novel toy.
Like the reaching kinematics, the exploratory behavior of the full-term and
preterm infants became more similar on dual trials. Both groups of infants showed
decreases in looking and in the amount of mouthing with age. Infants looked less and
showed less haptic exploration and mouthing of the large toy on dual trials.
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^ Novelty-Familiarity Prt»ftMvnr,>
In general, infants showed greater response to the novel toy than to the familiar
toy on the dual toy trials. Tables 5 and 6 show the results of the data analy.ses for
novelty. Graphs of the novelty by size interaction are shown in Figure 5 (page 1.1) for
both the preterm and full-term infants for the number of looks and reaches, look length
and hand-to-hand transfers. While the statistical analyses of these dependent variables do
not consistently show novelty by size interaction effects. Figure 6 is impressive for the
consistency of the responses on the dependent variables for both the preterm and full-
term infants. Overall, the results show that infants looked more and for longer, and
reached more, for the small novel toy than for the large novel toy.
Differences in exploration of the familiar and novel toys were seen on dual toy
trails. Full-term infants took longer to grasp the novel toy. Full-term infants showed
more two-handed rotations and hand-to-hand transfers of the novel toy, while preterm
infants only showed significantly more hand-to-hand transfers of the novel toy. Overall,
both groups of infants responded similarly to novelty, with differential behavior being
largely restricted to the small novel toy.
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Figure 6: Novelty/Preference behaviors of number of looks, number of reaches, look
lengths, and hand-to-hand transfers for full-term and preterm infants.
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CHAPTER V.
DISCUSSION
A- Single Toy Trials
1. Motor Behaviors
As anticipated, the results show that the reaching of full-term infants improved
with age, with movement times and grasp times decreasing as the infants matured.
Kinematically, the average speed and the number of hand speed peaks decreased
significantly over time. These results are in keeping with those of Berthier and McCarty
(1995) and Konczak and Dichgans (1997), who found similar reductions in average hand
speed and for number of hand speed peaks, with reaches becoming smoother and faster
over time.
The leaching of preterm infants was similar to that of full-term infants, with
movement times and grasp times similarly decreasing with age. In fact, when looking at
Figure 1
,
it is readily apparent that if the data were adjusted for degree of prematurity, the
behaviors of the preterm infants would look very similar to those of the full-term infants.
These results offer support for the similar-delayed hypothesis, which states that the
preterm infants develop along the same trajectory as the full-term infants, albeit delayed.
When one compares the kinematic data of the two samples (Figure 2), however, it
becomes obvious that the motor development of preterm infants is different from that of
full-term infants. Although the number of hand speed peaks decreased with age for the
preterm infants, as it did for the full-term infants, the average speed of the preterm
infants’ reaches showed a very different pattern of development. In direct contrast to the
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increasingly slower hand speeds of the lull-term infants with age, the preterm infants'
reaches were found to become considerably faster with age. This dichotomy, in which
full-term reaches progressed from faster hand speeds to slower hands speeds as the
infants aged, while preterm reaches progressed from slower hand speeds to faster hand
speeds wtth age, suggests a totally different trajectory in the development of control of
the reach.
The fact that the number of hand speed peaks of the preterm population are
reduced with age, as are those of the full-term infants, suggests that the preterm infants
are gaining more control of their reaches with age. While lack of control might be
credited for the increasingly faster hand speeds of the preterm infants, suggesting that
they are not becoming better and more controlled with time, examination of the data
reveals that, in fact, the opposite appears to be true. Like the full-term infants, the
preterm infants also appear to be gaining better control of their reaches through a change
in hand speed. However, since the preterm infants’ reaches were initially produced at
such a slow rate, quickening of the hand speed with age suggests that the infants were
becoming more proficient at monitoring the reach and did not need to restrict the speed to
such a large extent in order to maintain control.
What is striking, therefore, is not the difference in hand speeds between the two
populations, but in the different trajectories in which control is gained. While the initial
behavioral results suggest that preterm infants develop along a similar-delayed trajectory,
as compared to the full-term infants, the kinematic results suggest something else. The
results of the average speeds suggest that, although the preterm infants, like the full-term
infants, are achieving better motor control with age, they are achieving it along a
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complecely different trajectory from that of the full-term infants. In addition, the fact that
some of the kinematics were similar between the two populations (number of hand speed
peaks), while others differed (average speed) suggests an altered trajectory of
development for preterm infants. Thus, these results show that within the preterm
population, a division exists that is signifieant because it is not simply between two
dtfferent areas of development, such as motor and attention, but within one particular
realm of development.
Toy size was also found to affect some of the reaching results of the full-term
infants, with the small toy eliciting significantly slower reaction times than the large toy.
Movement and grasp times, on the other hand, were not significantly affected by toy size.
The increase in reaction times to the small toys suggests that the full-term infants noticed
the size difference prior to initiating the reach, and adjusted their reaches accordingly,
while the similar movement and grasp times suggest that toy size did not affect the actual
reach once it had been initiated. Alternatively, the longer reaction times could suggest
that the full-term infants simply found the small toy more interesting and were visually
examining it prior to initiating the reach.
The lack of significant kinematic results from the full-term infants supports the
conclusion from the behavioral results that, following initiation, toy size had little affect
on the reach itself. These results differ from those of O’Sullivan, Johnson, and Berthier
(2001 ) who found that 6-month-old infants produced slower movement times to small
objects, as compared to large ones. They had proposed that the slower movement times
were the result of the infants’ need to adjust their reaches to the more difficult task of
acquiring a small object. While the cun'ent results also suggest such a need, it appears
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that the infants made that adjustment prior to the initiation of the reach, as is evidenced
by the longer reaction times to the small toy versus the large one.
With regard to the effects of toy size, the preterm infants once again deviate from
the pattern seen in the full-term infants. While full-term infants showed slower reaction
times, but not slower movement or grasp times, the preterm infants showed the opposite
effect. They displayed reaction times that were not affected by toy size, but movement
and grasp times that were significantly slower to the small toy as compared to the large
one. Once again, these results suggest a dichotomy in development between the two
populations. Whereas the full-term infants appeared to notice and plan for the size of the
toy prior to the reach, as is evidenced by the longer reaction times, the preterm infants did
not appear to react to the toy size until after initiation of the reach (longer movement
times).
The results from the preterm infants are in keeping with those of O’Sullivan,
Johnson, and Berthier (2001), who found similar effects of toy size on movement times.
The results also show a similar pattern to what has been found in tool use by older
infants, with planning occurring earlier in the reach with increasing age (McCarty,
Clifton, & Collard, 2001). Thus, it appears that responding to an object’s size during the
reach instead of prior to its initiation may be a more immature response to the
environment. Given the physical demands of producing a reach, and the possibility of
the need to alter it due to changing environmental demands, it would seem to be more
beneficial to account for known alterations in the environment prior to initiating a reach,
so as to reduce as much as possible cognitive demands during the reach itself.
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Surprisingly, although the behavioral results dilTer between the two populations,
the kinematic results do not. Instead, like the full-term results, there were no significant
differences m average speed and number of hand speed peaks based on size for the
preterm infants. These results suggest a qualitatively different trajectory than that of the
full-term infants. Whereas the behavioral and kinematic results of the lull-term infants
are synchronous, those of the preterm infants are not. Since the kinematic results are
unaffected by toy size, while the behavioral results are, it appears that the difference in
reaching behaviors between the two populations is due to the cognitive aspects of the
reach and not to the motor aspects. Thus, the attentional load produced by altering the
reach based on toy size appears to be slowing the reaches of the preterm infants, while
leaving the mechanics of the reach unaffected. These results also support the notion that
reacting to a known circumstance during the reach, instead of prior to it, is a less mature
form of responding to the environment.
Although not tested for in the current study, it is possible that the postural
difficulties believed to be experienced by preterm infants (Gorga et al., 1988; de Groot,
Hopkins, & Touwen, 1995; Plantinga, Perdock, & de Groot, 1997; Van der Fits et al.,
1999), may account for the delayed planning of more difficult reaches. Specifically, the
need to try to regulate posture while it is perturbed by the initiation of a reach may
consume much of the preterm infant’s cognitive abilities, leaving little to be directed
toward the task at hand until the reach is underway. Alternatively, poor postural control
experienced by preterm infants may also affect their ability to produce reaches that more
closely replicate those of full-term infants. In particular, full-term infants may be able to
make more vigorous or high speed reaching movements because they have sutticient
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poslural control a.s to be able to correct lor the perturbations that such movements cause.
Conversely, if the preterm inlants experience poor postural control, they would be unable
to correct for disturbances caused by high speed reaches, requiring them to reach more
conservatively in order to reduce perturbations. With this scenario, the preterm infants
would be able to increase the speed of their reaches as their postural control improved.
Given either of these scenarios, our results support the strong connection between
postural control and reaching development for preterm infants found by Mandich el al.
(1994).
2. Exploratory Behaviors
Visual attention to the toys by the full-term infants showed a progression of
development, with number of looks directed at the toys and the length of the looks
decreasing significantly with age. These results show that as the full-term infants became
more proficient at gathering information from the environment, they needed fewer looks
and less time to obtain the necessary information. Size was not a major factor affecting
visual attention to the toys, although there were slightly more looks directed at the small
toy than the large one, suggesting that for some reason the small toy may have been more
salient.
Unlike the full-term infants, the visual attention of the preterm infants did not
reveal any significant differences for number of looks across ages, but look lengths were
found to follow the typical developmental trajectory, with looks becoming increasingly
shorter with age. If preterm infants require more visual exploration time to gather
information than do full-term infants, as some research proposes (Sigman & Parmelee,
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1974; Sigman et al„ 1977; Rose, 1980; Rose et al„ 2001, 2002), these results would
suggest that they are achieving extra exploration with more, but not longer, looks.
However, when total looking time is compared between lull-term and preterm inlants,
our results are in contrast to those of Rose et al. (2002), who found that preterm infants
spent more time than full-term infants looking at objects. Thus, while the full-term
tnfants looked less often and for shorter periods as they aged, the preterm infants
matntatned a stmilar number of looks across ages .so as to allow them to continue to
gather visual information.
A dramatic difference was revealed for look length variations in relation to size.
While the full-term infants showed little difference in looking times due to size, the
preterm infants looked significantly longer at the small toy than the large toy, suggesting
that the preterm infants required more time to encode the information concerning the
small toy than the large one. These results may suggest that the small toy presented a
more complex image than the large one.
Manual exploratory behaviors of the full-term infants did not show as many
changes as a result of age of the infants or size of the toy as did visual exploration. Only
hand-to-hand transfers were found to differ significantly due to size, with many more
transfers being performed on the small toy than the large one. Conversely, the preterm
infants showed a much more complex pattern of development for manipulatory behaviors
based on age, with the 10-month-old infants performing approximately twice the number
of transfers as infants of the other two ages. Similarly, size effects also revealed a
complex pattern, with the 8- and 12-month-old infants transferring the small toy more
than the large toy, while the 10-month-old infants performed almost twice as many
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transfers on the large toy as compared to the small one. In addition, more one-handed
rotations were performed on the large toy, than the small one, while the results of the
two-handed rotations once again showed a less straightforward developmental trajectory.
The 8-month-old infants rotated the small toy more times than the large toy, the
10-month-old infants rotated the large toy more than the small toy, and the 12-month-old
infants showed little difference between the toy sizes. The differences in manipulations
within the preterm population, and between the preterm and full-term infants, suggest a
less organized developmental developmental trajectory of haptic development for the
preterm infants as compared to the full-term infants. However, the number of
manipulations produced by the preterm infants within this study also support the findings
by Forslund and Bjerre (1985), who found that the manipulatory abilities of healthy
preterm infants was not delayed in comparison to full-term infants.
One of the most striking variations in exploration of the toys between the full-
term and preterm populations is the difference in mouthing times. While the full-term
infants showed a moderate amount of mouthing of the toys with little change due to age,
the preterm infants initially mouthed almost twice as much as the full-term infants, with a
dramatic decrease in mouthing time occuning at 12-months of age. This difference is
significant in light of the fact that mouthing is considered to be a more immature form of
exploration that has been shown to give way to more mature forms as the infants ages.
Thus, the preterm infants once again displayed an altered trajectory of development, with
large amounts of immature explorations continuing at the same time more advanced
forms of explorations (hand rotations, hand-to-hand transfers) have been initiated.
Continued mouthing in the presence of more mature forms of explorations shows that
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this trajectory is not due to poor motor skills but, instead, appears to be the result of less
organized behavior on the part of the preterm infants. Therefore, a split trajectory is
again present, with certain manipulatory skills following a more typical trajectory
(transfers and rotations), while others (mouthing) are delayed. By 1 2-months of age,
however, the preterm infants’ behaviors reflect those of the full-term infants, with much
less time spent mouthing toys and more time spent haptically manipulating them.
B. Dual Toy Trials
1- Motor Behaviors
During the dual trials it was anticipated that some aspects of the task might have
been more difficult due to the presence of a second toy and the need to make a choice. It
was assumed that these difficulties would be reflected in changes in the reach, such as
differences in reaction and movement times. Although the reaction, movement, and
grasp times of the full-term infants changed significantly with overall decreases with age,
the anticipated increase in task demands were not evident in the full-term infants’
behavior. Instead, Figures 1 and 3 show remarkably similar patterns of development
between the single and dual toy trials.
Size also appears to have become less of a factor than it was during the single
trials, since only number of reaches reflected a difference, with more reaches produced to
the small toy than to the large one. These results differed from those of the single trials,
in which number of reaches was not significant based on toy size, but reaction times
were. We hypothesized that the slower reaction times to the small toy during the single
trials indicated that the full-term infants recognized the difference in sizes and planned
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their reaches accordingly. The lack of .similar findings for the dual trials suggests that hy
the time the infants participated in these trials they had received sufficient practice with
the task so as not to be affected by the additional toy or by toy size. Thus, the full-term
tnfants were practiced enough in altering their reaches for the small toy .so us to be able to
do so without any additional delay.
The results from the preterm data show that, as with the full-term data, overall
significant decreases were found with age for reaction, movement, and grasp times.
However, the preterm infants’ reaching behaviors also showed a slightly different
organization, with reaction and movement times differing in pattern, not only from those
of the full-term infants, but also from their own behaviors during the single trials.
Examination of the data in Figure 3 shows that the preterm data for the 10-month-old
infants were fairly different from those of both the full-term infants and the younger and
older preterm infants. These results suggest a less organized pattern of development for
the preterm infants as they age. In addition, they show how variable the behaviors of
preterm infants can be. If the 10-month-old preterm data were taken alone, it would be
fair to propose that their behavior was vastly different from that of the full-term infant.
However, when the data is examined across the age spans it becomes clear that although
a different trajectory of development is present, the end results more closely than not
resemble those of the full-term infants.
Like the full-term infants, the preterm infants also produced more reaches to the
small toy than the large one during the dual trials. Size was still a relevant factor for the
preterm infants with regard to movement time, with slower movements produced to the
small toy than the large one. These results are similar to their responses during the single
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tiials, suggesting that the preterm infants were still reacting to the size clirfercnccs during
the progression of the reach and had not yet gained sufficient experience for toy size to
become irrelevant. This appears to be true for the full-term infants, since their reaction
times were no longer affected by toy size. Thus, these results once again support our
contention that many aspects of preterm infant development follow an altered trajectory
fiom that of full-teim infants, although, in the end, they achieve a similar level of
development. The results also support the conclusion of Rose ( 1980) and colleagues
(2001, 2002) who found that preterm infants exhibited slowed processing skills in
comparison to full-term infants.
2. Exploratory Behaviors
As with the single trials, the look lengths of the full-term infants during the dual
trials also showed a significant change with age, with look lengths becoming
progressively shorter as the infants matured. Again, these results show that information
processing speeds increased as the infants aged. Unlike the single trials, however,
number of looks were not found to drop significantly as the infants aged, suggesting that
the presence of the second toy during the dual trials continued to generate a similar
number of looks across ages, while the infants attempted to distinguish the textural and
shape differences of the toys. Also different from the single trials was the mouthing
times for the full-term infants, with times increasing from 6- to 8-months, but decreasing
overall for the dual trials, while no significant differences were found across ages for the
single trials. These results may reflect the more complex demands of the dual trials.
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Responses to size also differed between the dual and the single trials, with the
full-term infants showing longer look lengths and more one-handed rotations and hand-
to-hand transfers performed on the small toy than the large one during the dual trials,
while only hand-to-hand transfers were performed more on the small toy during the
single trials. The increase in manipulations to the small toys over the large toys was
probably due to the types of distinctions that could be made between the toys.
Specifically, since the infants were able to distinguish the textural differences of the
small toys but not the shape differences of the large toys, as will be discussed in the next
section, it is not surprising that the small toys would generate more exploration. In
addition, number of looks differed by size during the single trials, with more looks
directed at the small toy than the large, but did not differ significantly during the dual
trials, perhaps because the presence of the second toy during both trial types resulted in a
comparable number of looks as the toys of both sizes were compared.
As with the full-term infants, the look lengths of the preterm infants decreased
significantly with age, indicating that the preterm infants became more proficient at
visual information gathering as they matured. Number of looks, however, remained
fairly constant across ages, as they had for the full-term infants, suggesting that the dual
toys continued to generate a similar number of looks, regardless of age increases. Like
the look lengths, mouthing times also decreased across ages for the preterm infants and
showed a dramatic decrease at 12-months of age. Again, prior to 12-months of age, the
mouthing times for the preterm infants were well above those of the full-term infants,
suggesting that the preterm infants continued to use mouthing as a preferred exploratory
tool. This differs from the behaviors of the full-term infants, who showed considerably
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less mouthing and more haptic manipulations during the dual trials. Similar to the single
trials, these results suggest a less organized trajectory of exploratory behaviors for the
preterm infants, since they continued to use more immature forms of exploration even
though they had shown themselves to be capable of more mature forms.
Size differences appeared to have had less of an impact on the exploratory
behaviors of the preterm infants than it did on those of the full-term infants, with only
look lengths differing due to size differences. However, examination of the data in Table
4 leveals that although the differences based on size for one-handed rotations and hand-
to-hand transfers did not reach significance for the preterm infants, the pattern of
responses were similar to those of the full-term infants. Specifically, the preterm infants
performed more one-handed rotations and hand-to-hand transfers on the small toys than
they did on the large ones. Thus, although the degree of responding differed, the pattern
of the responses was similar.
3. Novelty/Familiaritv Preference
Finally, the affects of novelty and familiarity on exploratory behaviors were
examined. The full-term infants showed more interest in the novel toys as compared to
the familiar toys, with longer looks, and more reaches, two-handed rotations, and hand-
to-hand transfers directed to the novel toys than the familiar toys. Closer examination of
the data (Table 5) reveals that much of the novelty preference was for the small novel toy
and not the large novel toy. Since the small toys differed in texture, these results suggest
that at all ages, the full-term infants readily distinguished the textural differences and
preferred the novel texture to the familiar one.
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The lack of similar findings for the large novel toy, which differed from its
counterpart m configurational shape, suggests that the infants were unable to make this
distinction. Although it was anticipated that the oldest infants would be able to
appreciate these differences, the lack of such findings suggests that the shape differences
between the two large toys were not sufficient for the 10-month-old full-term infants to
be able to differentiate. Specifically, the configurational shape difference in this study
was minimal and required that infants distinguish the shape of a star from that of a
pentagon. It is probable that too few differences existed between these two shapes to
allow infants of this age to differentiate them. Thus, they perceived the two large toys to
be the same, resulting in no preference for either.
The resemblance in the patterns of responses to novelty and familiarity between
the full-term and preterm infants was strikingly similar. Although there were fewer
significant results for the preterm infants, examination of the data in Figure 6 reveals just
how comparable the behaviors of the two populations were. Like the full-term infants,
the preterm infants readily distinguished the textural differences of the small toys, and,
also like the full-term infants, they were unable to distinguish between the large toys
based on the configurational shape differences. Although Sigman and Parmelee (1974)
found that at the corrected age of 4-months, preterm infants were unable to distinguish
novel patterns from familiar ones, our results show that at least by 8-months of age
preterm infants can readily make such distinctions. These results are also in keeping with
those of Rose (1980, 1983) and colleagues (2002) who found that preterm infants could
make novelty distinctions if given sufficient exploratory time. Our results fail to support
the findings of Ruff (1986), who determined that failure to distinguish novel objects from
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familiar
infants.
ones was the result of a redueed antount of exploration performed by the preterm
The preterm infants in this study were not only able to make the novelty
distinction, but they also spent a considerable amount of lime in exploration of the toys,
in certain circumstances (mouthing) even surpassing the amount of lime spent by full-
term infants. Thus, although preterm infants may require more lime for exploration than
full-term infants (Rose, 1980, 1983; Rose et al„ 2002) or may differ in the means by
which they explore the toys,' our data indicates that they do not differ in their overall
ability to distinguish novel objects from familiar ones.
CHAPTER VI.
CONCLUSIONS
Our results show that in certain instances, correction for prematurity results in
equating the behaviors of the preterm infants with those of the full-term infants. For
example, movement and grasp times and look lengths tend to decrease in both
populations as the infants age. However, there are also a number of results which show
that not only does correction not equate the behaviors of the two samples, but that there is
no way to equate them since they differ in their trajectories, despite having similar
functional abilities. For example, the reversed developmental trajectory of average hand
speeds, the discordant nature of the behavioral and kinematic reaching responses, as well
as the altered developmental trajectory of manipulatory skills all suggest that the
development of preterm infants is quite different from that of full-term infants. Therefore,
while some areas of development can obviously be considered to develop in a similar but
delayed fashion, others clearly follow a more atypical form of development.
The large degree of complexity found within the preterm results makes fitting the
data into anyone proposed hypothesis untenable. For example, while the look length
results of the visual attention data support the similar/advanced hypothesis, with the
preterm infants showing a similar developmental trajectory in their attention to the toys
with out correcting for prematurity, other areas of the attentional data and the motor and
haptic data do not. Similarly, the developmental trajectory of the number of hand speed
peaks supports the similar/delayed hypothesis with the preterm infants performing
comparably to the full-term infants when prematurity is corrected, while other areas of
development are not comparable. The data do not entirely support the atypical
developmental trajectory hypothesis either. While this hypothesis calls lor (he preterm
infants development to show atypical trajectories across all aspects of a particular realm,
such as the motor realm, the data reveal a more complex picture. Although certain areas
of development are atypical, as can be seen with the altered developmental trajectory of
average hand speed, as discussed, other areas of development follow different
developmental trajectories. This dichotomy between and within developing areas
emphasizes the difficulty in attempting to fit the preterm data into any one of the existing
hypotheses and makes clear how implausible it is to try to equate all behaviors of the
preterm and full-term populations.
These results do, however, support the hypothesis of Bartlett and Piper (1993),
who propose that qualitative and quantitative differences are inherent between full-term
and preterm infants as a result of altered sensorimotor systems. They suggest that, unlike
the development of these systems in full-term infants that appear to occur in concert, the
sensory systems of preterm infants develop at different rates, and as our data suggests,
also along different trajectories. Thus, the development of preterm infants may be
inherently different from that of full-term infants. This is not to say that they experience
a less optimal form of development, although that may be true in certain circumstances,
but rather that their development is altered from that which is typically seen.
Given these results, we propose that correcting for prematurity is not a
satisfactory means of equating the full-term and preterm populations since it is difficult,
if not impossible, to determine for every aspect of behavior whether or not the two
populations can be associated. Instead, it appears that comparisons between the two
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populations may be less revealing of the true development of preterm infants and, in
some instances, may or may not uncover issues that need to be addressed. In order to
obtain the most accurate depiction of the development of preterm infants, their behavior
should be evaluated based on their own characteristics. To this end, future research
should focus on generating a template for development that is specific to the preterm
infant and not one that is based on the developing full-term infant.
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APPENDIX A
ANALYSES OF VARIANCE
SINGLE TRIALS
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Full-Term Infants, Number of Reaches:
age=al,2,3, small=sl, large=s2
AlSl
0.988
A3S2
0 . 956
A1S2 A2S1 A2S2
0-571 0.956 0.966
There is no variation in your dependent variable (s).
A3S1
1.000
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Full-Term Infants, Reaction Time:
age=al,2,3, small=sl, large=s2
AlSl A1S2
2-111 1.396
A3S2
1 . 126
A2S1 A2S2 A3S1
2.820 1.358 1.632
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
8.582
19.294
2
32
4.291
0.603
7.117 0.003 0.003 0.003
s
Error
20.382
8.430
1
16
20.382
0.527
38
. 685 0.000
a*s
Error
4.292
26.203
2
32
2.146
0 .819
2.621 0.088 0.091 0.088
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Full-Term Infants, Movement Time:
age=a 1,2,3, small=sl, large=s2
AlSl A1S2
1.396
A3S2
1 . 126
A2S1
1.434
A2S2
1.358
A3S1
1.119
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
3.457
11.231
2
32
1.728
0.351
4
. 925 0 .014 0.024 0.021
s
Error
0.489
4.299
1
16
0.489
0.269
1.822 0.196
a*s
Error
0.586
8.773
2
32
0.293
0.274
1.069 0.355 0.331 0.334
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Full-Term Infants, Grasp Time:
age=al,2,3, small=sl, large=s2
AlSl
1 .179
A1S2
1.218
A2S1
1.007
A2S2
1 .189
A3S1
0.790
A3S2
0
. 688
Univariate and Multivariate Repeated
Within Subjects
Source SS df
a 3.964 2
Error 7.202 32
s 0.040 1
Error 4 . 858 16
a*s 0 . 344 2
Error 4.287 32
Measures Analysis
MS F P G-G H-F
1
. 982
0.225
8 . 808 0.001 0.001 0.001
0.040
0.304
0.131 0.722
0 .172 1.283 0.291 0.290 0.291
0 .134
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Full-Term Infants, Number of Looks,
Age=a 1,2,3, small=sl, large-s2
AlSl
2.382
A3S2
1 .735
A1S2
2.309
A2S1 A2S2 A3S1
2.285 1.956 1.812
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
5.648
16.660
2
32
2.824
0.521
5.424 0.009 0.015 0.013
s
Error
0 . 651
1.844
1
16
0.651
0 .115
5 . 650 0.030
a*s
Error
0.367
6 .474
2
32
0 .183
0.202
0 . 907 0.414 0.413 0.414
119
Full-Term Infants, Look Lengths:
age=al,2,3, small=s2, large=s2
AlSl A1S2
6.774 6.480
A3S2
3.558
A2S1 A2S2 A3S1
5-963 5.112 4.265
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
127.000
237.442
2
32
63.500
7 . 420
8.558 0.001 0.003 0.002
s
Error
9.723
45.628
1
16
9.723
2.852
3.410 0.083
a*s
Error
1 .419
53.662
2
32
0.709
1 . 677
0.423 0.659 0.633 0 . 653
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Full-Term Infants, Number of One-Handed Rotations;
age=al,2,3, small=sl, large=s2
A3S1
1.706
AlSl
2.000
A3S2
2.059
A1S2
1.353
A2S1
1.059
A2S2
1.294
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
8.961
66.039
2
32
4.480
2.064
2.171 0.131 0.131 0.131
s
Error
0.010
32.157
1
16
0.010
2.010
0.005 0.945
a*s
Error
5.078
55.255
2
32
2.539
1 . 727
1.471 0.245 0.246 0.245
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Full-Term Infants, Number of Two-Handed Rotations:
age=al,2,3, small=sl, large=s2
AlSl A1S2
1.000 0.706
A3S2
0.882
A2S1 A2S2
1.353 1.353
A3S1
0.471
Univariate and Multivariate Repeated Measures Analysis
Withi.n Subjects
Source SS df MS F P G-G H-F
a 8.373 2 4 .186 1.596 0.219 0.224 0.223
Error 83.961 32 2.624
s 0.039 1 0.039 0.030 0.864
Error 20.627 16 1.289
a*s 2.137 2 1.069 0.588 0.562 0.541 0.558
Error 58.196 32 1.819
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Full-Term Infants, Number of Hand-to-Hand Transfers:
age=a 1 ,2,3, small=s 1
,
large=s2
AlSl A1S2
4.294 2.529
A3S2
2.059
A2S1 A2S2
4.941 2.176
A3S1
2.765
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G
a
Error
26.490
261
. 176
2
32
13.245
8 .162
1 . 623 0.213 0.217
s
Error
77
. 657
65.510
1
16
77
. 657
4.094
18
. 967 0.000
a*s
Error
18 . 020
186.314
2
32
9.010
5.822
1.547 0.228 0.233
H-F
0.214
0.232
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Full-Term Infants, Mouthing Time:
age=a 1,2,3, small=sl, large=s2
AlSl A1S2
3-'302 3.757
A3S2
2 .614
A2S1
3.747
A2S2
3.280
A3S1
1
. 997
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
34
. 978
263.637
2
32
17.489
8.239
2 . 123 0.136 0.137 0.136
s
Error
0 . 725
35.214
1
16
0.725
2.201
0.329 0.574
a*s
Error
5 . 427
152.496
2
32
2.714
4.765
0.569 0.571 0.546 0.563
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Preterm Infants, Number of Reaches:
age=a 1,2,3, small=sl, large=s2
AlSl
1.000
A3S2
1.000
A1S2
1.000
A2S1
1.000
A2S2
0.972
There is no variation in your dependent variable (s)
.
A3S1
1.000
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Preterm Infants, Reaction Time:
age=a 1 ,2,3,small=s 1 ,large=s2
AlSl
1.315
A3S2
0
. 919
A1S2
1.689
A2S1
1 .447
A2S2
1.604
A3S1
1 .116
Univariate and Multivariate Repeated
Within Subjects
Source SS df
a 2.959 2
Error 17
. 642 16
s 0.168 1
Error 2 . 887 8
a*s 0.750 2
Error 6.684 16
Measures Analysis
MS F P G-G H-F
1.480
1 . 103
1.342 0.289 0.289 0.289
0.168
0.361
0.465 0.515
0.375
0.418
0.897 0.427 0.395 0.404
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Preterm Infants, Movement Time:
age=a 1 ,2,3, small=s 1 ,large=s2
AlSl
2.022
A3S2
1.019
A1S2
1.502
A2S1 A2S2 A3S1
1-446 1.213 1.243
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df
a 3.751 2
Error 2.398 16
s 1.432 1
Error 0.780 8
a*s 0.256 2
Error 1.341 16
MS F P G-G H-F
1.875
0 .150
12.513 0.001 0.001 0.001
1.432
0.097
14
. 688 0.005
0.128
0.084
1.528 0.247 0.252 0.250
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Preterm Infants, Grasp Time,
age= a 1 ,2,3, small=s 1 , laree=s2
AlSl
1.343
A3S2
0.871
A1S2
1.376
A2S1
1.210
A2S2
0.775
A3S1
0.680
Univariate and Multivariate Repeated
Within Subjects
Source SS df
a 3.139 2
Error 6.467 16
s 0.067 1
Error 2 . 105 8
a*s 0.952 2
Error 5.748 16
Measures Analysis
MS F P G-G H-F
1.570
0.404
3.883 0.042 0.070 0.064
0.067
0.263
0.254 0.628
0.476 1.325 0.293 0.293 0.293
0.359
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Preterm Infants, Number of Looks:
age= 1 ,2,3, small=s 1
,
large=s2
AlSl A1S2
2.278 2.111
A3S2
1.861
A2S1
2.389
A2S2
2.333
A3S1
2.028
Univariate and Multivariate Repeated
Within Subjects
Source SS df
a 1.583 2
Error 7.583 16
s 0.227 1
Error 2.002 8
a*s 0.037 2
Error 2.421 16
Measures Analysis
MS F P G-G H-F
0.792
0.474
1 . 670 0.219 0.220 0.219
0.227
0.250
0.906 0.369
0.019 0.122 0.886 0.886 0.886
0.151
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Preterm Infants, Look Length:
age=a 1 ,2,3, small=s 1 , large=s2
AlSl A1S2
5.646 4.865
A3S2
2 . 957
A2S1 A2S2 A3S1
5.555 3.870 3.778
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
33.997
39.937
2
16
16.998
2.496
6.810 0.007 0.013 0.008
s
Error
16.202
5.592
1
8
16.202
0 . 699
23.179 0.001
a*s
Error
2.350
16.161
2
16
1.175
1.010
1.163 0.337 0.323 0.326
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Preterm Infants, Number of One-Handed Rotations:
age=al,a2,a3, small=sl, large = s2
AlSl A1S2
1.889 2.444
A3S2
3.000
A2S1 A2S2
3.889 8.000
A3S1
2.333
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
151 . 593
405.074
2
16
75.796
25.317
2.994 0.079 0.109 0.103
s
Error
42.667
64 . 667
1
8
42.667
8.083
5.278 0.051
a*s
Error
36.778
119.889
2
16
18.389
7.493
2 .454 0.118 0.124 0.118
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Preterm Intants, Number of Two-Handed Rotations:
age=a 1 ,2,3, small=s 1
,
large=s2
A3S1
0.556
AlSl
1 .444
A3S2
0 . 778
A1S2
0.667
A2S1
0.778
A2S2
2.222
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a
Error
6.259
63.074
2
16
3.130
3.942
0.794 0.469 0.460 0.469
s
Error
1 . 185
14.815
1
8
1.185
1.852
0 . 640 0 .447
a*s
Error
11 . 148
14 . 852
2
16
5.574
0 . 928
6.005 0.011 0.020 0 .014
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Preterm Infants, Number of Hand-to-Hand Transfers:
age=a 1 ,2,3, small=s 1
,
large=s2
AlSl
5.900
A3S2
4 . 100
A1S2 A2S1 A2S2
3.500 6.600 12.000
A3S1
4.500
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 308.800 2 154.400 5.744 0.012 0.024 0.019
Error 483.867 18 26.881
s 11.267 1 11.267 1.241 0.294
Error 81.733 9 9.081
a*s 164 . 133 2 82.067 9.601 0.001 0.002 0.001
Error 153.867 18 8.548
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Preterm Infants, Mouthing Time:
age=al,2,3, small=sl, large=s2
AlSl A1S2 A2S1 A2S2 A3S1
6.934 6.562 5.945 4.636 1.468
A3S2
0 .181
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 342.957 2 171.478 10 . 697 0.001 0.005 0.003
Error 256.493 16 16.031
s 13.215 1 13.215 1.063 0.333
Error 99.491 8 12.436
a*s 2.572 2 1.286 0.125 0.883 0.814 0.844
Error 164.705 16 10.294
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APPENDIX B
ANALYSES OF VARIANCE
DUAL TRIALS
135
Full-Term Infants, Number of Reaches:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
0.565 0.375 0.406 0.535 0.,707
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S1
0 .393 0.474 0.462 0.700 0 . 330
A3P1S2 A3P2S2
0 .460 0.484
Univariate and Multivariate Repeated Measures Analysis
Within Subj ects
Source SS df MS F P G-G
a 0.052 2 0.026 0 . 992 0.382 0.376
Error 0 . 832 32 0.026
P 0.088 1 0.088 6.214 0.024
Error 0.226 16 0.014
s 0.758 1 0.758 9.344 0.008
Error 1.298 16 0.081
a*p 0.059 2 0.029 0.945 0.399 0.383
Error 0 . 998 32 0.031
a*s 0.214 2 0.107 0 . 978 0.387 0.383
Error 3.499 32 0.109
p*s 1 .462 1 1.462 8.577 0.010
Error 2.727 16 0.170
a*p*s 0 . 020 2 0.010 0.086 0.918 0 . 916
Error 3.776 32 0.118
1 36
H-F
0.382
0.389
0.387
0 . 918
Full-Term Infants, Reaction Time:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S11.135 1.484 1.537 1.281 1.152
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S11.631 1 .487 1 . 686 0.894 0.809
A3P1S2 A3P2S2
1.033 0.960
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 8 .408 2 4.204 3.705 0.041 0.049 0.041
Error 24 . 960 22 1.135
P 0.773 1 0 .773 0.374 0.553
Error 22 .702 11 2.064
s 0 . 377 1 0.377 0.521 0.485
Error 7 . 963 11 0.724
a*p 0.054 2 0.027 0.023 0.977 0.977 0 . 977
Error 25.877 22 1 .176
a*s 1 . 107 2 0.554 0.453 0.641 0.632 0.641
Error 26.873 22 1.222
p*s 0.763 1 0.763 0.829 0.382
Error 10 .119 11 0.920
a*p*s 0.572 2 0.286 0.590 0.563 0.537 0.560
Error 10.672 22 0.485
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Full-Term Infants, Movement Time;
age=al,2,3; novel=pl, familiar=p2; small=sl
,
large=s2
AIPISI
1.551
A1P2S1
1 . 542
A1P1S2
1.465
A1P2S2
1.593
A2P1S1
1 . 612
A2P2S1
1.261
A2P1S2
1.050
A2P2S2
1.119
A3P1S1
0.875
A3P2S1
1.292
A3P1S2
0 .844
A3P2S2
0.978
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 7 . 016 2 3.508 5.946 0.009 0.010 0.009
Error 12 . 981 22 0.590
P 1.176 1 1.176 2.249 0.162
Error 5.749 11 0.523
s 0.151 1 0 .151 0.506 0 .492
Error 3.278 11 0.298
a*p 0 . 672 2 0.336 0.720 0.498 0.467 0.482
Error 10.272 22 0.467
a*s 1 . 042 2 0.521 0.832 0.448 0.447 0.448
Error 13.774 22 0 . 626
p*s 0.075 1 0.075 0.318 0.584
Error 2 . 603 11 0.237
a*p*s 0.755 2 0.378 0.834 0.448 0 . 428 0.442
Error 9.959 22 0.453
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Full-Term Infants, Grasp Time:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI
1
. 878
A1P2S1
1.348
A1P1S2
1.088
A1P2S2
0.843
A2P1S1
1.495
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S10.946 1 .141 1.001 0.793 0.791
A3P1S2 A3P2S2
0.898 0.381
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 7
. 837 2 3.919 3.829 0.039 0.043 0.039Error 20.469 20 1.023
P 3.311 1 3.311 21.198 0.001
Error 1.562 10 0 .156
s 3.607 1 3.607 5.262 0.045
Error 6.854 10 0.685
a*p 1 .812 2 0.906 1.207 0.320 0.315 0.318
Error 15.015 20 0.751
a*s 0.094 2 0.047
,
0.059 0.943 0.930 0 . 943
Error 15.816 20 0.791
p*s 0.030 1 0.030 0.034 0.858
Error 8.850 10 0.885
a*p*s 1 . 381 2 0.691 0 . 942 0.406 0.396 0.406
Error 14 . 658 20 0.733
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Full-Term Infants, Number of Looks:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI
2.381
A1P2S1
1.851
A1P1S2
1.567
A1P2S2
1.859
A2P1S1
2.060
A2P2S1
1.581
A2P1S2
1
. 876
A2P2S2
1.775
A3P1S1
1.775
A3P2S1
1 . 576
A3P1S2 A3P2S2
1 . 693 1.706
Univariate and Multivariate Repeated Measures Analysis
Within Subj ects
Source SS df MS F P G-G H-F
a 1.768 2 0.884 0.693 0.507 0 . 474 0.485
Error 40.835 32 1.276
P 0.793 1 0.793 1.566 0.229
Error 8.104 16 0.506
s 1 . 425 1 1.425 2.985 0.103
Error 7 . 640 16 0.478
a*p 1.979 2 0.989 3.137 0.057 0.061 0.057
Error 10 .090 32 0.315
a*s 0.389 2 0.195 0.660 0.524 0.520 0.524
Error 9.437 32 0.295
p*s 2.820 1 2.820 10.299 0.005
Error 4.381 16 0.274
a*p*s 0.846 2 0.423 1.445 0.251 0.251 0.251
Error 9.366 32 0.293
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Full-Term Infants, Look Lengths:
age=al,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
4.062
A1P1S2
3.828
A1P2S1
3.480
A1P2S2
3.319
A2P1S1
4.511
A2P1S2
2.493
A2P2S1
2.635
A2P2S2
2.421
A3P1S1
3.207
A3P1S2
1.836
A3P2S1
2.009
A3P2S2
1.531
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 79.712 2 39.856 11.727 0.000 0.001 0.000Error 108.758 32 3.399
P 29.227 1 29.227 19.540 0.000
Error 23.932 16 1.496
s 28.378 1 28.378 14 .142 0.002
Error 32 .107 16 2.007
a*p 1 .561 2 0.780 0.589 0.561 0.528 0.542
Error 42.417 32 1.326
a*s 7 . 998 2 3.999
,
2.260 0.121 0 . 138 0 .134
Error 56.620 32 1.769
p*s 10.867 1 10.867 4 . 985 0.040
Error 34.878 16 2 .180
a*p*s 6.369 2 3.185 1.715 0 . 196 0.204 0.201
Error 59.416 32 1.857
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Full-Term Infants, Number of One-Handed Rotations:
age—a 1,2,3, novel=pl, tamiliar=p2; small=sl, large=s2
AIPISI
1.294
A1P2S1
1 . 706
A1P1S2
1 . 176
A1P2S2
0.824
A2P1S1
1.647
A2P2S1
0.588
A2P1S2
0.824
A2P2S2
0.882
A3P1S1
1.765
A3P2S1
0.294
A3P1S2
1.059
A3P2S2
0.588
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 4.039 2 2.020 0.842 0.440 0.422 0.432
Error 76.794 32 2.400
P 5.338 1 5.338 1.255 0.279
Error 68.078 16 4.255
s 11 . 770 1 11.770 18.259 0.001
Error 10.314 16 0 . 645
a*p 0 . 824 2 0.412 0.212 0.810 0.788 0.810
Error 62.010 32 1 . 938
a*s 8 . 510 2 4.255 2.321 0.114 0.138 0.135
Error 58.657 32 1.833
p*s 2.593 1 2.593 1 . 961 0.180
Error 21 . 157 16 1 . 322
a*p*s 9.451 2 4.725 1.270 0.295 0.291 0.293
Error 119.049 32 3.720
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nT3
Full-Term Infants, Number of Two-Handed Rotations:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
Source
a
Error
s
Error
a*p
Error
a*s
Error
p*s
Error
a*p*s
Error
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S11.059 0.235 0.235 0. 588 2.059
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S11.294 0.412 0.118 1
.
000 0.176
A3P1S2 A3P2S2
0.529 0.412
.ate and Multivariate Repeated Measures Analysis
Sub j ects
SS df MS F P G-G H-F
8.824 2 4.412 1.364 0.270 0.270 0.270
103.510 32 3.235
17 . 647 1 17
. 647 6.295 0.023
44 . 853 16 2.803
8 . 647 1 8 . 647 4.254 0.056
32.520 16 2.032
17.412 2 8.706 3.293 0.050 0.066 0.061
84.588 32 2 . 643
0.824 2 0.412 0.214 0.808 0.805 0.808
61.510 32 1 . 922
7 . 843 1 7.843 3.843 0.068
32.657 16 2.041
1 .098 2 0.549 0.248 0.782 0.729 0.749
70 . 902 32 2.216
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Full-Term Infants, Number of Hand-to-Hand Transfers:
age—a 1,2,3, novel=pl, Iamiliar=p2: small=sl, large=s2
AIPISI
1 . 588
A1P2S1
1.412
A1P1S2
1.529
A1P2S2
1 . 647
A2P1S1
5.588
A2P2S1
1 . 647
A2P1S2
1.647
A2P2S2
1 . 647
A3P1S1
3.235
A3P2S1
1 .118
A3P1S2
1 .118
A3P2S2
1 . 059
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 49.686 2 24 .843 2.573 0.092 0.108 0.103
Error 308.980 32 9.656
P 50.005 1 50.005 9.768 0.007
Error 81 . 912 16 5.119
s 54.044 1 54 . 044 8.219 0.011
Error 105.206 16 6.575
a*p 36.275 2 18.137 4.204 0.024 0.031 0.027
Error 138.059 32 4.314
a*s 32 .118 2 16.059 3.136 0.057 0.074 0.070
Error 163.882 32 5.121
p*s 56.123 1 56.123 12.392 0.003
Error 72 .461 16 4.529
a*p*s 28.275 2 14.137 4.136 0.025 0.039 0.036
Error 109.392 32 3.419
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Full-Term Infants, Mouthing Time:
age=al,2,3; novel=pl, familiar=p2; small=sl
1 ,
large=s2
AIPISI
3 . 175
A1P2S1
1.069
A1P1S2
2.540
A1P2S2
1.978
A2P1S1
2.819
A2P2S1
3.810
A2P1S2
2.075
A2P2S2
3.750
A3P1S1
1.750
A3P2S1
1.438
A3P1S2
1.064
A3P2S2
1.686
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 90 . 778 2 45.389 3.371 0.047 0.058 0.052
Error 430.858 32 13 .464
P 1 . 325 1 1.325 0.244 0.628
Error 86.781 16 5.424
s 0 . 134 1 0.134 0.038 0.849
Error 57.084 16 3.568
a*p 2 . 556 2 1.278 0 . 181 0.835 0.820 0.835
Error 226.194 32 7.069
a*s 60.765 2 30.383 5.286 0.010 0.013 0.010
Error 183.919 32 5.747
p*s 14 . 167 1 14 .167 2.715 0.119
Error 83.473 16 5.217
a*p*s 1.661 2 0.830 0.097 0 . 908 0.861
0.877
Error 274.000 32 8.562
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Full-Term Infants, First Reaction Time:
age=al,2,3, novel:
-pi, familiar=p2, small=s 1
,
large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S11.149 1.249 1.691 1.270 1.549
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S21.315 1.346 1.037 1.275 0.717
A3P2S1 A3P2S2
1 . 071 1.015
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G
a 3.779 2 1.889 1.194 0.318 0.317
Error 44.297 28 1.582
P 0.038 1 0.038 0.020 0.890
Error 27.001 14 1 . 929
s 2 . 721 1 2.721 1.441 0.250
Error 26.436 14 1.888
a*p 2.048 2 1.024 0.777 0.469 0.465
Error 36.891 28 1.318
a*s 0.176 2 0.088 0.050 0.951 0.950
Error 49.049 28 1.752
p*s 0.011 1 0.011 0.007 0.935
Error 23.290 14 1 . 664
a*p*s 1 . 972 2 0 . 986 0.786 0.466 0.465
Error 35.139 28 1.255
H-F
0.318
0.469
0.951
0.466
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Full-Term Infants, Last Reaction Time;
age—a 1,2, 3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1 .168 1 .466 1.470 1.292 1.139
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S2
0 . 940 1.269 1.071 0.535 0.959
A3P2S1 A3P2S2
1.057 0.884
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 5.767 2 2.884 2.264 0.128 0.130 0.128
Error 28.018 22 1.274
P 0.700 1 0.700 0.498 0.495
Error 15.466 11 1.406
s 0 . 001 1 0.001 0.001 0.980
Error 11.364 11 1.033
a*p 0.154 2 0.077 0.075 0.928 0.892 0.916
Error 22.478 22 1.022
a*s 0.705 2 0.353 0.303 0.741 0.741 0.741
Error 25.571 22 1.162
p*s 1.148 1 1.148 1.032 0.332
Error 12.243 11 1 .113
a*p*s 0 . 599 2 0.300 0.248 0.783 0.762 0.783
Error 26.606 22 1.209
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Full-Term Infants, First versus Last Reaction Times:
age=al,2,3, novel=pl, familiar=p2, first=fl, last=l'2
AIPIFI
1 .433
A1P1F2
1.466
A1P2F1
1.117
A1P2F2
1.292
A2P1F1
1 .492
A2P1F2 A2P2F1 A2P2F2 A3P1F1 A3P1F2
0
. 940 1 . 072 1.071 0.791 0.959
A3P2F1 A3P2F2
0
.
977 0.884
Univariate and Multivariate Repeated Measures Analysis
Within Subj ects
Source SS df MS F P G-G H-F
a 4.353 2 2 .176 1.070 0.360 0.358 0.360
Error 44.746 22 2.034
P 0 .446 1 0.446 0.352 0.565
Error 13.918 11 1.265
f 0.072 1 0.072 0.061 0.810
Error 13.135 11 1 .194
a*p 0.560 2 0.280 0.187 0.830 0.814 0.830
Error 32 .866 22 1.494
a*f 0.990 2 0.495 0.346 0.711 0.696 0.711
Error 31.432 22 1.429
p* f 0 .187 1 0.187 0.139 0.716
Error 14 .766 11 1.342
a*p*f 0.988 2 0.494 0.749 0.484 0.448 0 .460
Error 14.509 22 0.660
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Full-Term Intants, First Movement Time:
age=al,2,3, novel=pl, familiar=p2, small=sl
,
large=s2
AIPISI
1.858
A1P1S2
1.749
A1P2S1
1.498
A1P2S2
1.345
A2P1S1
1.499
A2P1S2
0.883
A2P2S1 A2P2S2 A3P1S1 A3P1S2
1 . 115 1 . 132 1
,
,390 0.894
A3P2S1 A3P2S2
1 .147 1 . 106
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 6.988 2 3.494 3.232 0.059 0.067 0.059Error 23.781 22 1.081
P 0.866 1 0.866 1.068 0.324
Error 8.924 11 0.811
s 1.953 1 1 . 953 1.862 0.200
Error 11.538 11 1.049
a*p 0.943 2 0.472 0 . 663 0.525 0.523 0.525
Error 15.640 22 0.711
a*s 0.192 2 0.096 0 . 107 0.899 0.824 0.843
Error 19.751 22 0.898
p*s 1 .090 1 1.090 1.328 0.274
Error 9.028 11 0 . 821
a*p*s 0.740 2 0.370 0.268 0.767 0 .742 0.767
Error 30.331 22 1.379
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Full-Term Infants, Last Movement Time:
age=al
,2,3, novel=pl
,
familiar=s2, small=s 1
,
large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1 . 993 1.379 1.668 1.302 1,,005
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S2
1.002 1.339 1.080 1.498 1,.033
A3P2S1 A3P2S2
1 .192 0.841
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 6.858 2 3.429 3.266 0.057 0.061 0.057
Error 23.097 22 1.050
P 0.238 1 0.238 0.307 0.591
Error 8.544 11 0 .777
s 4.230 1 4.230 5.696 0.036
Error 8 .168 11 0.743
a*p 1 . 503 2 0.752 0.549 0.585 0.557 0.581
Error 30.093 22 1.368
a*s 0 . 846 2 0.423 0.402 0 . 674 0.666 0 . 674
Error 23.168 22 1.053
p*s 0.011 1 0.011 0.009 0.926
Error 14 . 039 11 1.276
a*p*s 0 .410 2 0.205 0.253 0.779 0.776 0.779
Error 17.821 22 0.810
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cx
u
Full-Term Infants, First versus Last Movement Times:
age—a 1,2,3, novel=pl, familiar=p2, first=fl, last=l'2
Source
a
Error
rror
f
Error
a*p
Error
a*f
Error
p*f
Error
a*p*f
Error
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F11.749 1.379 1.345 1.302 0.883
A2P1F2 A2P2F1 A2P2F2 A3P1F1 A3P1F21.002 1 . 132 1.080 0.894 1.033
A3P2F1 A3P2F2
1 .106 0.841
iate and Multivariate Repeated Measures Analysis
1 Subjects
SS df MS F P G-G H-F
6.483 2 3.242 1.870 0.178 0.189 0 .185
38.145 22 1.734
0.018 1 0.018 0.024 0.879
8.114 11 0.738
0.223 1 0.223 1.135 0.309
2.163 11 0.197
0.998 2 0.499 0.539 0.591 0.535 0.552
20.372 22 0 . 926
0.348 2 0.174 0.569 0.574 0.549 0.573
6.720 22 0.305
0.061 1 0.061 0.173 0.685
3.890 11 0.354
0 . 838 2 0.419 0.806 0.459 0.433 0.445
11.432 22 0.520
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Full-Term Infants, First Grasp Time:
age—a 1,2,3, novel=pl, familiar=p2, small=pl, large=p2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
2.014 1.248 1.117 0.754 2.133
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S2
1.189 0.991 0.867 1.085 0.944
A3P2S1 A3P2S2
0 . 655 0.395
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 7 . 914 2 3.957 1.434 0.262 0.263 0.262
Error 55.201 20 2.760
P 13.472 1 13.472 12.261 0.006
Error 10 . 988 10 1.099
s 6.184 1 6.184 4.191 0.068
Error 14.755 10 1 . 476
a*p 0.376 2 0.188 0.105 0.901 0.879 0.901
Error 35.740 20 1.787
a*s 0.897 2 0.448 0.256 0.777 0.757 0 .777
Error 35.048 20 1.752
p*s 1 .118 1 1 .118 1.489 0.250
Error 7 . 511 10 0.751
a*p*s 1.213 2 0.606 0.333 0.721 0.606 0.615
Error 36.432 20 1.822
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Full-Term Infants, Last Grasp Time:
age=al,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S11.638 0.934 1.215 0.894 1 . 449
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S2
1 . 428 1.069 0.874 0 . 967 1.002
A3P2S1 A3P2S2
0.533 0.665
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 4 . 625 2 2.312 2.199 0.137 0.153 0.146
Error 21.031 20 1.052
P 4.316 1 4.316 3.255 0.101
Error 13.261 10 1.326
s 1.060 1 1.060 1.336 0.275
Error 7 . 934 10 0.793
a*p 0.315 2 0 .157 0.170 0.845 0.745 0.762
Error 18.494 20 0 . 925
a*s 2.036 2 1.018 0.612 0.552 0.550 0.552
Error 33.267 20 1.663
p*s 0.086 1 0.086 0.188 0.674
Error 4.585 10 0.458
a*p*s 0 . 429 2 0.214 0.164 0.850 0 . 848 0.850
Error 26.069 20 1.303
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Full-Term Infants, First Look Length:
age=al,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S13.590 2.348 3.369 2.199 4.971
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S2
2.438 2 .432 1
. 998 3.062 1 . 933
A3P2S1 A3P2S2
2.124 1.503
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 26.613 2 13.306 1.332 0.278 0.277 0.278
Error 319.674 32 9.990
P 31.522 1 31.522 4.088 0.060
Error 123.378 16 7.711
s 71.971 1 71
. 971 7.897 0.013
Error 145.816 16 9.114
a*p 14.720 2 7.360 0.901 0.416 0.380 0.384
Error 261.466 32 8 . 171
a*s 3.153 2 1.576 0.242 0.786 0.742 0.763
Error 208.037 32 6.501
p*s 10 . 171 1 10 .171 1.710 0.210
Error 95.186 16 5.949
a*p*s 9.663 2 4.831 0.711 0.499 0.484 0.498
Error 217 . 338 32 6.792
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Full-Term Infants, Last Look Length:
age=a 1,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
3.433
A1P1S2
4.598
A1P2S1
5.123
A1P2S2
4.559
A2P1S2
2 . 076
A2P2S1
1.854
A2P2S2
2.909
A3P1S1
3.550
A3P2S1 A3P2S2
1.515 1
. 548
A2P1S1
5.337
A3P1S2
2.109
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 174.857 2 87.429 9.364 0.001 0.003 0.002Error 298 .763 32 9.336
P 18.312 1 18.312 1.238 0.282
Error 236.606 16 14.788
s 12.840 1 12.840 1.483 0.241
Error 138.561 16 8 . 660
a*p 51.773 2 25.886 2.039 0.147 0.158 0.154
Error 406.178 32 12.693
a*s 17.782 2 8.891 0.863 0.431 0.399 0.405
Error 329.645 32 10.301
p*s 23.365 1 23.365 2.354 0 . 144
Error 158.793 16 9.925
a*p*s 77.737 2 38.868 3.877 0.031 0.042 0.038
Error 320.848 32 10.026
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Full-Term Infants, First versus Last Look Lengths;
age=al,2,3, novel=pl, familiar=p2, first=fl, last=f'2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F1
2 . 348 4 .598 2.199 4.559 2. 438
A2P1F2 A2P2F1 A2P2F2 A3P1F1 A3P1F2
2.076 1
. 998 2.909 1.933 2 . 109
A3P2F1 A3P2F2
2.124 1 . 548
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 80.971 2 40.485 5.051 0.012 0.020 0.017
Error 256.476 32 8.015
P 0 . 039 1 0.039 0.011 0 . 918
Error 56.558 16 3.535
f 32 . 106 1 32.106 8.565 0.010
Error 59.978 16 3.749
a*p 1 . 351 2 0 . 675 0.087 0.917 0 . 859 0.874
Error 248.169 32 7.755
a*f 60 . 174 2 30.087 6.264 0.005 0.014 0.012
Error 153.711 32 4.803
p* f 0.564 1 0.564 0.094 0.763
Error 95.569 16 5.973
a*p* f 8.776 2 4.388 0.703 0.503 0 .487 0.501
Error 199.751 32 6.242
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Full-Term Infants, Longest Look Length:
age=al,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
12
. 333
A1P1S2
8.392
A1P2S1
9.558
A1P2S2
9.008
A2P1S2
4 .842
A2P2S1
6.584
A2P2S2
5.012
A3P1S1
8.405
A3P2S1 A3P2S2
5.421 3.067
A2P1S1
11.225
A3P1S2
4 .146
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 725.578 2 362 .789 12.590 0.000 0.001 0.001Error 922 . 127 32 28.816
P 162.069 1 162.069 18.144 0.001
Error 142
. 921 16 8.933
s 514 .493 1 514.493 24.325 0.000
Error 338.410 16 21 . 151
a*p 12.943 2 6.471 0.367 0.695 0.653 0.672
Error 563.653 32 17 . 614
a*s 25.923 2 12 . 961 0.828 0.446 0.419 0.427
Error 500.908 32 15 . 653
p*s 144.733 1 144.733 7.356 0.015
Error 314.814 16 19.676
a*p*s 17 . 954 2 8 . 977 0 . 697 0.506 0.501 0.506
Error 412.215 32 12 .882
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Full-Term Infants, Looks Prior to First Reach:
age=al,2,3, novel=pl,familiar=p2, small=sl, large=s2
AIPISI
1 . 647
A1P1S2
1 . 176
A1P2S1
2.000
A1P2S2
1.000
A2P1S1
1.412
A2P1S2
1 . 647
A2P2S1
0.529
A2P2S2
1.471
A3P1S1
1.294
A3P1S2
1 . 176
A3P2S1
0 . 941
A3P2S2
1 . 471
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 2.127 2 1.064 0.164 0.850 0.751 0.762
Error 208.039 32 6.501
P 1.255 1 1.255 0.405 0.534
Error 49.578 16 3.099
s 0.020 1 0.020 0.005 0 . 944
Error 61 . 147 16 3.822
a*p 3.657 2 1.828 0.967 0.391 0 . 376 0.383
Error 60.510 32 1.891
a*s 15.775 2 7.887 3.153 0.056 0.073 0.069
Error 80.059 32 2.502
p*s 0.961 1 0 . 961 0.565 0 .463
Error 27.206 16 1.700
a*p*s 4 . 127 2 2.064 0 . 975 0.388 0.385 0.388
Error 67.706 32 2 .116
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Preterm Infants, Number of Reaches:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
0 . 657 0.343 0.415 0.560 0.717
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S1
0.363 0.480 0.520 0.613 0.387
A3P1S2 A3P2S2
0.535 0.420
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 0.023 2 0.011 2.605 0.101 0.136 0.134
Error 0.078 18 0.004
P 0.019 1 0.019 3.045 0.115
Error 0.055 9 0.006
s 0.565 1 0.565 5.194 0.049
Error 0.979 9 0.109
a*p 0.004 2 0.002 0.552 0.585 0.497 0.504
Error 0.063 18 0.004
a*s 0.043 2 0.022 0.198 0.822 0.786 0.822
Error 1 . 963 18 0.109
p*s 0.773 1 0.773 6.989 0.027
Error 0.996 9 0 .111
a*p*s 0 . 170 2 0.085 0.825 0.454 0.438 0.454
Error 1 . 854 18 0 .103
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Preterm Infants, Reaction Time:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S11.868 1 .480 1.462 1.572 1 . 155
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S1
0 . 824 0.793 1.079 1.275 0.791
A3P1S2 A3P2S2
1 .147 0.791
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 8.046 2 4.023 5.152 0.021 0.029 0.021
Error 10.933 14 0.781
P 0.201 1 0.201 0.198 0.670
Error 7 .106 7 1.015
s 0 . 904 1 0 . 904 1.215 0.307
Error 5.207 7 0 .744
a*p 0.052 2 0.026 0.069 0.933 0.830 0.845
Error 5.255 14 0.375
a*s 0.668 2 0.334 1.132 0.350 0.335 0.340
Error 4 . 130 14 0.295
p*s 1 . 030 1 1.030 1.930 0.207
Error 3.738 7 0.534
a*p*s 0.261 2 0 .130 0.277 0.762 0.751 0.762
Error 6.576 14 0.470
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Preteim Intunts, Movement Time;
dge=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI
1
. 828
A1P2S1
1 .437
A1P1S2
1.418
A1P2S2
1.088
A2P1S1
1.452
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S1
0
. 839 0.990 1.025 1
.
291 0.715
A3P1S2 A3P2S2
0.718 1.080
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 4.176 2 2.088 7.425 0.006 0.009 0.006
Error 3.937 14 0.281
P 1 . 030 1 1.030 10.706 0.014
Error 0.673 7 0.096
s 1.527 1 1.527 6.512 0.038
Error 1 . 642 7 0.235
a*p 0.362 2 0.181 0.663 0.531 0.504 0.531
Error 3.820 14 0.273
a*s 0.274 2 0.137 1.093 0.362 0.352 0.361
Error 1 .757 14 0.126
p*s 1 . 803 1 1.803 3.770 0.093
Error 3.348 7 0.478
a*p*s 0.798 2 0 .399 1.938 0.181 0.184 0.181
Error 2.882 14 0.206
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Preterm Infants, Grasp Time:
age=al,2,3; novel =pl
,
familiar=p2; small:=sl, large=s2
AIPISI
1 .158
A1P2S1
0.861
A1P1S2
1 . 171
A1P2S2
1.729
A2P1S1
0.743
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S10.596 0.554 0.881 0 . 704 0.569
A3P1S2 A3P2S2
0.599 0 .486
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P
a 9.448 2 4.724 8.251 0.003
Error 10
. 305 18 0.573
P 0.519 1 0.519 1.717 0.223
Error 2 . 722 9 0.302
s 0 . 031 1 0.031 0.058 0.815
Error 4.786 9 0.532
a*p 1 . 534 2 0.767 1.821 0.190
Error 7.582 18 0.421
a*s 0.374 2 0 .187 0.678 0.520
Error 4 . 955 18 0.275
p*s 1.523 1 1.523 8.831 0.016
Error 1 . 552 9 0.172
a*p*s 0.871 2 0.435 1.644 0.221
Error 4 .769 18 0.265
G-G
0.010
0.228
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H-F
0.007
0.201
0.51
0.224
Preterm Infants, Number of Looks;
age=a 1,2,3; novel=pl, familiar=p2, small=sl, large=s2
AIPISI
1.878
A1P2S1
1.210
A1P1S2
1.645
A1P2S2
1.727
A2P1S1
2.568
A2P2S1 A2P1S2 A2P2S2 A3P1S1 A3P2S1
1 . 993 1
. 825 2.095 1 . 855 1.708
A3P1S2 A3P2S2
1.625 1 . 928
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G
a 5.323 2 2.662 3.383 0.057 0.074
Error 14
. 161 18 0.787
P 0.112 1 0 .112 0.136 0.721
Error 7 . 427 9 0.825
s 0.450 1 0.450 1.371 0.272
Error 2.952 9 0.328
a*p 1.120 2 0.560 2.109 0.150 0.159
Error 4 . 779 18 0.266
a*s 0.703 2 0.352 0.941 0.409 0.396
Error 6.725 18 0.374
p*s 3.484 1 3.484 7.561 0.022
Error 4 . 147 9 0.461
a*p*s 0.212 2 0.106 0.190 0.828 0.715
Error 10.046 18 0.558
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H-F
0.064
0 .150
0.409
0.730
Preterm Infants, Looking Lengths:
age=a 1,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S13.787 2.822 3.142 3.058 2.795
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S22.139 2.143 2.363 2.907 1.875
A3P2S1 A3P2S2
2.371 1 . 529
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 21 . 724 2 10. 862 8 . 684 0. 003 0. 007 0. 005Error 20 .012 16 1.,251
P 2 .219 1 2
.,219 5. 716 0. 044
Error 3 . 105 8 0.,388
s 8 .460 1 8,.460 13.,054 0. 007
Error 5 .185 8 0 ,.648
a*p 0 . 323 2 0,.161 0 . 247 0,.784 0,.776 0 .784
Error 10 .444 16 0.,653
a*s 2 .345 2 1
,
.172 1 .690 0 .216 0 .229 0 .228
Error 11 .101 16 0 .694
p*s 2 . 841 1 2 .841 2 .078 0 . 187
Error 10 .935 8 1 .367
a*p*s 0 .711 2 0 .355 0 .348 0 .712 0 .705 0 .712
Error 16 . 362 16 1 .023
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Preterm Infants, Number of One-Handed Rotations:
age=al,2,3; novel=pl, familiar=p2: small=sl, large=s2
AIPISI
2 .400
A1P2S1
0.800
A1P1S2
1.400
A1P2S2
0.700
A2P1S1
1.500
A2P2S1
0 . 900
A2P1S2
1.500
A2P2S2
1.700
A3P1S1
1.400
A3P2S1
1.200
A3P1S2
1.400
A3P2S2
0.800
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 0.817 2 0.408 0.090 0.915 0.825 0.843
Error 81 . 850 18 4.547
P 0.408 1 0.408 0.080 0.783
Error 45.842 9 5.094
s 10.208 1 10.208 3.669 0.088
Error 25.042 9 2.782
a*p 4 . 617 2 2.308 0.537 0.594 0.569 0.594
Error 77.383 18 4.299
a*s 5.017 2 2.508 1.255 0.309 0.308 0.309
Error 35.983 18 1.999
p*s 1 .408 1 1.408 0.267 0.618
Error 47 . 508 9 5.279
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Preterm Infants, Number of Two-Handed Rotations-
age=al,2,3; novel=pl
,
familiar=p2; small=sl, large=s2
AIPISI
0 .400
A1P2S1
0.100
A1P1S2
0.300
A1P2S2
0.200
A2P1S1
0.500
A2P2S1
0.200
A2P1S2
0.300
A2P2S2
1.200
A3P1S1
0.100
A3P2S1
0.900
A3P1S2
0 . 600
A3P2S2
0 . 400
Univariate and Multivariate Repeated
Within Subjects
Source SS df
a 2.067 2
Error 24
. 933 18
P 0.533 1
Error 8 . 800 9
s 0.533 1
Error 7 . 133 9
a*p 1.067 2
Error 21 . 600 18
a*s 1.667 2
Error 21.667 18
p*s 0.133 1
Error 9.867 9
a*p*s 6.067 2
Error 18.933 18
Measures Analysis
MS F P G-G
1.033
1.385
0.746 0.488 0.454
0.533
0.978
0.545 0.479
0.533
0.793
0 . 673 0.433
0.533
1.200
0.444 0.648 0.633
0.833
1.204
0 . 692 0.513 0.508
0 . 133
1.096
0.122 0.735
3.033
1.052
2.884 0.082 0.096
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H-F
0.470
0.648
0.513
0.085
Preterm Infants, Number of Hand-to-Hand Transfers:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI
4.700
A1P2S1
1 . 900
A1P1S2
1.500
A1P2S2
1.600
A2P1S1
4.700
A2P2S1
3.200
A2P1S2
1
. 900
A2P2S2
3.400
A3P1S1
3.000
A3P2S1
2.900
A3P1S2
1.800
A3P2S2
1 . 700
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 22.317 2 11 . 158 0.803 0.463 0.420 0 . 429Error 250 .017 18 13.890
P 60.208 1 60.208 11.358 0.008
Error 47 . 708 9 5.301
s 7 . 008 1 7.008 0 . 947 0 . 356
Error 66.575 9 7.397
a*p 1.717 2 0.858 0 . 121 0.887 0.855 0.887
Error 127
. 617 18 7.090
a*s 11 . 317 2 5.658 0.721 0.500 0.496 0.500
Error 141 . 350 18 7.853
p*s 29.008 1 29.008 3.597 0.090
Error 72
. 575 9 8.064
a*p*s 14 . 517 2 7.258 0.811 0.460 0.446 0.460
Error 161 . 150 18 8 . 953
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Preterm Infants, Mouthing Time:
age=al,2,3; novel=pl, familiar=p2; small=sl, large=s2
AIPISI
6.747
A1P2S1
5.793
A1P1S2
5.631
A1P2S2
7 .156
A2P1S1
3.847
A2P2S1
3.527
A2P1S2
2 . 986
A2P2S2
3.763
A3P1S1
1
. 637
A3P2S1
1
. 546
A3P1S2 A3P2S2
0.230 0 . 393
Univariate and Multivariate Repeated Measures Analysis
Within Subj ects
Source SS df MS F P G-G H-F
a 579.253 2 289.626 10.087 0.001 0.002 0.001
Error 516.849 18 28.714
P 7 .191 1 7 .191 0.398 0.544
Error 162 . 420 9 18.047
s 1.008 1 1.008 0.162 0.697
Error 56.116 9 6.235
a*p 10.320 2 5.160 0.555 0.583 0.514 0.528
Error 167.230 18 9.291
a*s 0 . 343 2 0 .171 0.018 0.982 0.951 0.965
Error 173.085 18 9.616
p*s 12.234 1 12.234 0.821 0.388
Error 134 . 027 9 14.892
a*p* 6.308 2 3.154 0.301 0.743 0.678 0.708
Error 188.316 18 10.462
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Preterm Infants, First Reaction Time:
1 i2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S12.421 1 .442 1.238 1.567 1.204
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S2
1 .404 0.903 1.633 1.503 1 . 100
A3P2S1 A3P2S2
0.689 0.763
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 7.747 2 3.873 3.695 0.048 0.061 0.048
Error 16.771 16 1.048
P 3.906 1 3.906 3.142 0.114
Error 9.946 8 1.243
s 0.002 1 0.002 0.001 0.971
Error 9.892 8 1.237
a*p 1 . 610 2 0.805 0.791 0.470 0.438 0.453
Error 16.282 16 1.018
a*s 3.138 2 1.569 1.846 0.190 0.204 0.200
Error 13.603 16 0.850
p*s 4.021 1 4.021 2.019 0.193
Error 15.931 8 1.991
a*p*s 0.972 2 0.486 0.350 0.710 0.657 0 . 693
Error 22.200 16 1.387
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Preterm Infants, Last Reaction Time:
age=a 1,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
1.500
A1P1S2
1.530
A1P2S1
0.962
A1P2S2
2 .473
A2P1S1
1 . 344
A2P1S2
0.530
A2P2S1
0.662
A2P2S2
1.001
A3P1S1
1 .116
A3P1S2
1.066
A3P2S1 A3P2S2
0.831 0 . 709
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 10.751 2 5.375 8.051 0.005 0.006 0.005
Error 9.347 14 0 . 668
P 0.134 1 0.134 0 . 104 0.756
Error 8 . 947 7 1.278
s 0.531 1 0.531 0.963 0.359
Error 3.861 7 0.552
a*p 1 . 108 2 0.554 2.047 0 .166 0 . 171 0 .166
Error 3.791 14 0.271
a*s 4.723 2 2.361 6.102 0.012 0.014 0.012
Error 5.418 14 0.387
p*s 4.369 1 4.369 4.534 0.071
Error 6.746 7 0 .964
a*p*s 2.679 2 1.339 1 .417 0.275 0.277 0.275
Error 13.231 14 0.945
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au
Preterm Infants, First versus Last Reaction Times:
age=al,2,3, novel=pl, familiar=p2. first=fl, last=f2
Source
a
Error
rror
f
Error
a*p
Error
a*f
Error
p* f
Error
a*p*f
Error
AIPIFI
1 .494
A1P1F2
1.530
A1P2F1
1.591
A1P2F2
2.473
A2P1F1
1.576
A2P1F2
0.530
A2P2F1
1
. 537
A2P2F2
1.001
A3P1F1
0.891
A3P1F2
1.066
A3P2F1 A3P2F2
0 .696 0.709
'iate and Multivariate Repeated Measures Analysis
i Subjects
SS df MS F P G-G H-F
14.324 2 7.162 10.105 0.002 0.008 0.006
9.923 14 0.709
0.564 1 0.564 0.295 0.604
13.408 7 1 . 915
0 . 152 1 0.152 0.145 0.715
7 . 354 7 1.051
2.584 2 1.292 1.300 0.303 0.297 0.298
13.910 14 0.994
6.611 2 3.305 5.649 0.016 0.017 0.016
8.191 14 0.585
0 . 948 1 0 . 948 2.053 0.195
3.232 7 0.462
1 . 053 2 0.527 0.466 0.637 0 . 619 0 . 637
15.812 14 1 . 129
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Preterm Infants, First Movement Time:
age=al,2,3, novel=pl, familiar=p2, small=sl
,
large=s2
AIPISI
1.376
A1P1S2
1.444
A1P2S1
1.634
A1P2S2
1.360
A2P1S1
1.680
A2P1S2
0.933
A2P2S1
1 . 147
A2P2S2
1.316
A3P1S1
1 . 101
A3P1S2
0.739
A3P2S1
0.886
A3P2S2
0.470
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 6.380 2 3.190 5.868 0 . 017 0.023 0.017
Error 6.524 12 0.544
P 0.123 1 0 . 123 0.596 0.469
Error 1.242 6 0.207
s 1 . 425 1 1.425 2 . 621 0.157
Error 3.262 6 0.544
a*p 0.380 2 0.190 0.985 0.402 0.385 0.397
Error 2.313 12 0.193
a*s 0.296 2 0.148 0 .490 0.624 0.605 0 . 624
Error 3.622 12 0.302
p*s 0 . 158 1 0 . 158 0.377 0.562
Error 2.512 6 0.419
a*p*s 1.520 2 0.760 6.038 0.015 0.029 0.020
Error 1.511 12 0.126
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Preterm Infants, Last Movement Time:
age=a 1,2,3, novel=pl, familiar=p2, small=sl. large=s2
AIPISI
1.223
A1P1S2
1 .410
A1P2S1
1 . 123
A1P2S2
1.189
A2P1S1
1
. 539
A2P1S2
1.024
A2P2S1
1 . 300
A2P2S2
1.086
A3P1S1
1 .176
A3P1S2
0.781
A3P2S1
1.304
A3P2S2
0.290
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G
a 2 . 270 2 1 . 135 3.083 0.083 0.084
Error 4 .419 12 0.368
P 0 .433 1 0.433 1.487 0.268
Error 1 .747 6 0.291
s 2 . 071 1 2.071 9.558 0.021
Error 1 . 300 6 0.217
a*p 0.033 2 0.017 0.097 0.908 0.839
Error 2.047 12 0.171
a*s 2.442 2 1.221 4.443 0.036 0.067
Error 3.298 12 0.275
p*s 0.114 1 0 .114 1.503 0.266
Error 0.454 6 0.076
a*p*s 0.742 2 0.371 2 . 902 0.094 0.102
Error 1 . 535 12 0 . 128
H-F
0.083
0.876
0.060
0.094
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Pieteini Intanls, First versus Last Movement Times:
age=al,2,3, novel=pl, t'amiliar=p2, rirst=fl, last=f2
AIPIFI
1.376
A1P1F2
1.223
A1P2F1
1.634
A1P2F2
1.123
A2P1F1
1.680
A2P1F2
1.539
A2P2F1
1 . 147
A2P2F2
1.300
A3P1F1
1.101
A3P1F2
1 . 176
A3P2F1
0.886
A3P2F2
1 . 304
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 1.355 2 0.677 1.329 0.301 0.301 0.301
Error 6.118 12 0.510
P 0.286 1 0.286 3.402 0.115
Error 0.504 6 0.084
f 0.015 1 0.015 0.059 0.816
Error 1 . 508 6 0.251
a*p 0.813 2 0.406 3.726 0.055 0.073 0.057
Error 1.309 12 0.109
a*f 1 . 183 2 0.591 1.360 0.294 0.294 0.294
Error 5.218 12 0.435
p* f 0.046 1 0.046 0 .136 0.725
Error 2.019 6 0.337
a*p* f 0.538 2 0.269 1.808 0.206 0.221 0.216
Error 1.786 12 0.149
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Preterm Infants, First Grasp Time;
I ’2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
1.317
A1P1S2
0.830
A1P2S1
1.009
A1P2S2
1.377
A2P1S1
0.863
A2P1S2
0.606
A2P2S1
1.029
A2P2S2
0.726
A3P1S1
1.359
A3P1S2
0.630
A3P2S1
0
. 860
A3P2S2
0.470
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 1 .867 2 0 . 933 1 . 676 0.228 0.232 0.228
Error 6.681 12 0.557
P 0 . Oil 1 0.011 0.012 0.916
Error 5.194 6 0.866
s 1 . 884 1 1.884 5.698 0.054
Error 1 . 984 6 0.331
a*p 0.991 2 0.495 1.030 0.387 0.380 0.387
Error 5.774 12 0.481
a*s 0.879 2 0.440 0.747 0.495 0.447 0.461
Error 7.061 12 0.588
p*s 0 . 770 1 0.770 1 . 973 0.210
Error 2.340 6 0.390
a*p*s 0.716 2 0.358 0.738 0.498 0.468 0.494
Error 5.819 12 0.485
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Preterm Infants, Last Grasp Time:
age—al, 2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
1.350
A1P1S2
1 . 134
A1P2S1
0.841
A1P2S2
2.400
A2P1S1
0.766
A2P1S2
0.539
A2P2S1
0.519
A2P2S2
0.956
A3P1S1
0.359
A3P1S2
0.476
A3P2S1
0.769
A3P2S2
0.424
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 13.376 2 6.688 9.241 0.004 0.015 0.011
Error 8.685 12 0.724
P 0 . 964 1 0 . 964 1.124 0.330
Error 5.146 6 0.858
s 1.025 1 1.025 1 . 670 0.244
Error 3.684 6 0 . 614
a*p 0 . 315 2 0.157 0.344 0.715 0.643 0 . 681
Error 5.479 12 0.457
a*s 2.298 2 1 . 149 1.596 0.243 0.253 0.253
Error 8.640 12 0.720
p*s 2.280 1 2.280 7.015 0.038
Error 1 . 950 6 0.325
a*p*s 4 . 374 2 2 .187 5.076 0.025 0.035 0.025
Error 5.170 12 0.431
176
Preterm Infants, First Look Length:
age=al,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
6.217
A1P1S2
2.636
A1P2S1
2.260
A1P2S2
2.028
A2P1S1
2.972
A2P1S2
1.881
A2P2S1
2.060
A2P2S2
2.213
A3P1S1
4 .179
A3P1S2
1.030
A3P2S1 A3P2S2
2.253 2.482
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 20.240 2 10.120 1.477 0.258 0.261 0.260
Error 109.648 16 6.853
P 23.670 1 23.670 4.828 0.059
Error 39.221 8 4 . 903
s 44 . 134 1 44 . 134 5.641 0.045
Error 62.594 8 7.824
a*p 24.468 2 12.234 1.835 0.192 0.201 0.192
Error 106.698 16 6.669
a*s 9.747 2 4.874 0.688 0.517 0.496 0.517
Error 113.354 16 7.085
p*s 47 . 654 1 47.654 9.427 0.015
Error 40.440 8 5.055
a*p*s 6.735 2 3.368 0.472 0.632 0.530 0.537
Error 114 .160 16 7 . 135
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Pieterm Infants, Last Look Length:
age=a 1,2,3, novel=pl, Iamiliar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S13.479 2.423 3.030 2.398 1.454
A2P1S2 A2P2S1 A2P2S2 A3P1S1 A3P1S22.368 2.482 3.188 2 .188 1.894
A3P2S1 A3P2S2
2.443 1 .763
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 10.555 2 5.278 2.339 0.129 0.132 0 . 129
Error 36.106 16 2.257
P 1 . 683 1 1.683 0.729 0.418
Error 18.468 8 2.308
s 0.815 1 0.815 0.338 0.577
Error 19.295 8 2.412
a*p 6.541 2 3.270 0.676 0.523 0.510 0.523
Error 77 . 408 16 4.838
a*s 13.623 2 6.812 2.452 0.118 0.124 0.118
Error 44.445 16 2.778
p*s 0.022 1 0.022 0.010 0.922
Error 17.293 8 2.162
a*p*s 0.815 2 0.407 0.172 0.844 0.811 0.844
Error 37.961 16 2.373
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Preterm Infants, First versus Last Look Lengths;
age=al,2,3, novel=pl, familiar=p2, first=fl, last=f2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F16.217 3.479 2.260 3.030 2.972
A2P1F2 A2P2F1 A2P2F2 A3P1F1 A3P1F2
1 .454 2.060 2.482 4.179 2.188
A3P2F1 A3P2F2
2.253 2 .443
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 41
. 978 2 20.989 2.331 0.129 0.142 0.130
Error 144.067 16 9.004
P 26.641 1 26.641 4.458 0.068
Error 47.809 8 5.976
f 17.747 1 17.747 3.015 0.121
Error 47.096 8 5.887
a*p 23.334 2 11.667 1.246 0.314 0.305 0.307
Error 149.861 16 9.366
a*f 0.965 2 0.482 0.095 0.910 0.854 0.885
Error 81.585 16 5.099
p* f 43.650 1 43.650 9.823 0.014
Error 35.550 8 4.444
a*p* f 3.207 2 1 . 604 0.350 0.710 0.668 0.708
Error 73.396 16 4.587
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Preterm Infants, Longest Look Length:
age—a 1,2, 3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
8.826
A1P1S2
7.623
A1P2S1
6.126
A1P2S2
6.343
A2P1S1
6.489
A2P1S2
4 . 934
A2P2S1
5.637
A2P2S2
5.958
A3P1S1
6.223
A3P1S2
3.772
A3P2S1 A3P2S2
4.407 3.478
Univariate and Multivariate Repeated Measures Analysis
Within Sub j ects
Source SS df MS F P G-G H-F
a 137.279 2 68.640 7.420 0.005 0.016 0.013
Error 148
. 007 16 9.250
P 26.285 1 26.285 6.782 0.031
Error 31 . 005 8 3.876
s 23.501 1 23.501 2.258 0.171
Error 83.282 8 10.410
a*p 19.450 2 9.725 1.686 0.217 0.221 0.217
Error 92.298 16 5.769
a*s 7 . 807 2 3.903 0.700 0.511 0.501 0.511
Error 89.177 16 5.574
p*s 17 . 408 1 17.408 1.198 0.306
Error 116.259 8 14.532
a*p*s 0.257 2 0.129 0.017 0.983 0 . 963 0 . 978
Error 122 .866 16 7 . 679
180
Preterm Infants, Number of Looks Prior to First Reach;
age—a 1,2,3, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
0.400
A1P1S2
0.600
A1P2S1
0.800
A1P2S2
0.700
A2P1S1
2.200
A2P1S2
1.300
A2P2S1
1.700
A2P2S2
0.800
A3P1S1
0.800
A3P1S2
1.200
A3P2S1
0.500
A3P2S2
1 . 300
Univariate and Multivariate Repeated Measures Analysis
Within Subjects
Source SS df MS F P G-G H-F
a 15.650 2 7.825 2.500 0.110 0.135 0 . 129
Error 56.350 18 3.131
P 0.408 1 0.408 0.408 0.539
Error 9.008 9 1.001
s 0.208 1 0.208 0.178 0.683
Error 10.542 9 1.171
a*p 2.817 2 1.408 1.034 0.376 0.371 0.376
Error 24 . 517 18 1.362
a*s 11.517 2 5.758 2.765 0.090 0.111 0 . 103
Error 37 .483 18 2.082
p*s 0.008 1 0.008 0.003 0.957
Error 24 .408 9 2.712
a*p*s 0.617 2 0.308 0.100 0.906 0.861 0.892
Error 55.717 18 3.095
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APPENDIX C
ANALYSES OF VARIANCE
POSTNATAL AND CORRECTED AGE GROUPS
SINGLE TRIALS
. The data were also compared between the two groups. Comparisons were made
using two different groupings of the full-term and preterm infants. The first group was
matched for postnatal age and the second group was matched for corrected age.
Postnatal matching consisted of two different age groups. PN age group one (PN- 1
)
consisted of 8-month-old full-term and preterm infants. PN age group two (PN-2)
consisted of 10-month-old full-term and preterm infants. The postnatal comparisons
were used to examine differences and similarities between full-term and preterm infants
based upon experience, or age from birth to time of participation in this study.
Corrected Age grouping also consisted of two different age groups. CA age
group one (CA-1) consisted of 8-month-old full-term infants and 10-month-old preterm
infants. CA age group two (CA-2) consisted of 10-month-old full-term infants and 12-
month-old preterm infants. Although the preterm infants were chronologically older than
the full-term infants, correcting for degree of prematurity resulted in a match of the two
groups for time from conception to participation in this study. Therefore, corrected age
comparisons were used to examine differences and similarities between full-term and
preterm infants based upon degree of maturation.
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Postnatal Group, Number of Reaches:
age=al,2, small=sl, large=s2
AlSl
0 . 971
A1S2
0 . 978
A2S1
1.000
is no variation in your dapendant
A2S2
0.962
variabla (s)
.
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Postnatal Group, Reaction Time:
age=al,2, small=sl, Iarge=s2
AlSl
2.299
A1S2
1 .473
A2S1
1.568
A2S2
1.292
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1 . 141 1 1.141 1.491Error 18.366 24 0.765
Within Subjects
Source SS df MS F P
a 2 .774 1 2.774 3.329 0.081
a*GROUP 3.168 1 3.168 3.802 0.063
Error 19.998 24 0.833
s 3.031 1 3.031 6.256 0.020
s*GROUP 9.184 1 9.184 18.953 0.000
Error 11 . 630 24 0.485
a*s 0.802 1 0.802 1.070 0.311
a*s*GROUP 2.027 1 2.027 2.706 0.113
Error 17
. 972 24 0.749
P
0.234
G-G H-F
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Postnatal Group, Movement Time:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
1
. 637 1 .408 1.232 1.156
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1
. 931 1 1.931 9.138
Error 5.072 24 0.211
Within Subjects
Source SS df MS F P
a 2 . 934 1 2 . 934 20 . 199 0.000
a*GROUP 0 .149 1 0.149 1.029 0.321
Error 3.486 24 0.145
s 0 . 991 1 0 . 991 14.360 0.001
s*GROUP 0.690 1 0 . 690 9.992 0.004
Error 1 . 657 24 0.069
a*s 0.202 1 0.202 2 . 147 0.156
a*s*GROUP 0.062 1 0.062 0 . 662 0 . 424
Error 2.257 24 0.094
p
0.006
G-G H-F
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Postnatal Group, Grasp Time:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
^•^23 1.253 0.935 0.718
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1
. 562 1 1.562 1.897
Error 19.759 24 0.823
Within Subjects
Source SS df MS F P
a 3.101 1 3 .101 13.633 0.001
a*GROUP 0.000 1 0.000 0.002 0.965
Error 5.459 24 0.227
s 0.153 1 0.153 0.592 0.449
s*GROUP 0.341 1 0.341 1.320 0.262
Error 6.206 24 0.259
a*s 0.831 1 0.831 4.231 0.051
a*s*GROUP 0.049 1 0.049 0.250 0.621
Error 4 .714 24 0 .196
P
0.181
G-G H-F
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Postnatal Group, Number of Looks:
age=a 1 ,2, small=s 1
,
large=s2
AlSl A1S2 A2S1 A2S2
2.283 2.010 2.012 1.942
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 2.575 1 2.575 3.709
Error 16.659 24 0.694
Within Subjects
Source SS df MS F P
a 0.191 1 0.191 0.513 0.481
a*GROUP 1.553 1 1.553 4.162 0.052
Error 8.955 24 0.373
s 0.580 1 0.580 3.294 0.082
s* GROUP 0.050 1 0.050 0.282 0.601
Error 4.229 24 0.176
a*s 0.195 1 0.195 0.992 0.329
a*s ‘GROUP 0.030 1 0.030 0.151 0.701
Error 4 . 715 24 0.196
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Postnatal Group, Look Length:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
5 . 853 5.027 4.711 3.666
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUPl 1.587 1 1.587 0.300
Error 127
. 082 24 5.295
Within Subjects
Source SS df MS F P
a 27
. 696 1 27 . 696 9.625 0.005
a*GROUPl 6.899 1 6.899 2.398 0.135
Error 69.064 24 2 . 878
s 23.818 1 23.818 15.918 0 . 001
s*GROUPl 1.211 1 1.211 0.810 0.377
Error 35.910 24 1.496
a*s 0.853 1 0.853 0.664 0.423
a*s*GROUPl 1.616 1 1 . 616 1.258 0.273
Error 30 . 821 24 1.284
p
0.589
G-G H-F
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Postnatal Group, Number of One-Handed Rotations;
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
1.346 1
. 692 2.462 4.115
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F P
GROUP 150.208 1 150.208 13.613 0.001
Error 264 . 830 24 11.035
Within Subjects
Source SS df MS F P G-G
a 118.300 1 118 . 300 8.180 0.009
a*GROUP 55.530 1 55.530 3.840 0.062
Error 347.085 24 14.462
s 40.624 1 40.624 7.586 0.011
s*GROUP 24 . 471 1 24.471 4.569 0.043
Error 128 . 529 24 5.355
a*s 19.849 1 19.849 5.638 0.026
a*s*GROUP 17 . 388 1 17.388 4 . 939 0.036
Error 84 .497 24 3.521
189
Postnatal Group, Number of Two-Handed Rotations:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
1-385 1.115 0.577 1.346
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F P
GROUP
Error
1.629 1
82.958 24
1.629 0.471 0.499
3.457
Within Subjects
Source SS df MS F P
a 0 . 317 1 0 .317 0 .,089 0. 768
a* GROUP 7 .394 1 7 .394 2 ,.083 0.,162
Error 85 .193 24 3 .550
s 1 .711 1 1 .711 0 .746 0,, 396
s*GROUP 0 .096 1 0 .096 0 .042 0.,840
Error 55 .029 24 2 .293
a*s 10.207 1 10.207 8 . 774 0.007
a*s*GROUP 4 . 822 1 4.822 4.145 0.053
Error 27 . 918 24 1 .163
G-G H-F
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Postnatal Group, Number of Hand-to-Hand Transfers:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
5.296 2.667 4 .185 5.741
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 405.931 1 405.931 13.270
Error 764 .735 25 30.589
Within Subjects
Source SS df MS F P
a 75.069 1 75.069 4.387 0.047
a*GROUP 207
. 958 1 207
. 958 12 . 153 0.002
Error 427 .782 25 17.111
s 0.349 1 0.349 0.038 0.847
s*GROUP 65.904 1 65.904 7.162 0.013
Error 230 . 059 25 9.202
a*s 152.994 1 152
. 994 19.452 0.000
a*s*GROUP 51 . 883 1 51.883 6.596 0.017
Error 196.635 25 7.865
p
0.001
G-G H-F
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Postnatal Group, Mouthing Time;
age=al,2, small=sl, large=s2
AlSl
4 .850
A1S2
4.416
A2S1
3.364
A2S2
3.314
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 227.596 1 227.596 12.778
Error 427 .490 24 17.812
Within Subjects
Source SS df MS F P
a 41 . 807 1 41 . 807 3.779 0.064
a*GROUP 0 . 368 1 0.368 0.033 0.857
Error 265.536 24 11.064
s 3.448 1 3.448 0.540 0.470
s*GROUP 4 . 940 1 4 . 940 0.774 0.388
Error 153.229 24 6.385
a*s 0.031 1 0.031 0.004 0 . 950
a*s*GROUP 6.004 1 6.004 0.777 0.387
Error 185.512 24 7.730
P
0.002
G-G H-F
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Corrected Age Group, Number of Reaches:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1
0-971 0.968 1.000
is no variation in your dependent
A2S2
0.971
variable (s)
.
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Corrected Age Group, Reaction Time:
age=a 1 ,2, small=s 1
,
large=s2
AlSl A1S2 A2S1 A2S2
2 . 345 1 .443 1.453 1.055
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 5.032 1 5.032 8.181
Error 14.762 24 0.615
Within Subjects
Source SS df MS F P
a 8.731 1 8.731 10.268 0.004
a*GROUP 0.241 1 0.241 0.283 0.600
Error 20.409 24 0.850
s 5.928 1 5.928 11.297 0.003
s*GROUP 5.461 1 5.461 10.407 0.004
Error 12.594 24 0.525
a*s 0.533 1 0.533 0.854 0.365
a*s*GROUP 2.525 1 2.525 4.046 0.056
Error 14 . 977 24 0.624
p
0.009
G-G H-F
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Corrected Age Group, Movement Time:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
1.438 1.308 1.162 1.089
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.020 1 0.020 0.091
Error 5.300 24 0.221
Within Subjects
Source SS df MS F P
a 1.310 1 1.310 10.441 0.004
a*GROUP 0.033 1 0.033 0.263 0.613
Error 3.012 24 0.125
s 0.405 1 0.405 7.528 0.011
s*GROUP 0.222 1 0.222 4.128 0.053
Error 1.291 24 0.054
a*s 0.012 1 0.012 0.184 0.671
a*s*GROUP 0.008 1 0.008 0 . 124 0.728
Error 1.569 24 0.065
P
0.766
G-G H-F
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Corrected Age Group, Grasp Time:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
1.077 1.045 0.752 0.751
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.028 1 0.028 0.045
Error 15.010 24 0 . 625
Within Subjects
Source SS df MS F P
a 1.949 1 1.949 11.222 0.003
a*GROUP 0.118 1 0 .118 0 . 681 0.417
Error 4 .169 24 0 . 174
s 0.040 1 0.040 0.203 0.656
s*GROUP 0 .154 1 0.154 0.789 0.383
Error 4 . 680 24 0 .195
a*s 0.171 1 0.171 0 . 909 0.350
a*s*GROUP 1.218 1 1.218 6 .464 0.018
Error 4.523 24 0 .188
p
0.834
G-G H-F
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Corrected Age Group, Number of Looks:
age=al,2, small=sl, large=s2
AlSl A1S2
2.321 2.087
A2S1 A2S2
1.887 1.779
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F P
GROUP
Error
0.996 1 0.996 1.427 0.244
16.753 24 0.698
Within Subjects
Source SS df MS F P G-G H-F
a
a*GROUP
Error
3.432 1
0.029 1
9.111 24
3.432 9.041 0.006
0.029 0.075 0.786
0.380
s
s*GROUP
Error
0.580 1
0.050 1
3.385 24
0.580 4.115 0.054
0.050 0.352 0.559
0 .141
a*s 0
a*s*GROUP 0
Error 4
030 1 0
195 1 0
684 24 0
030 0.152 0.700
195 0.999 0.328
195
197
Corrected Age Group, Look Length;
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
5.822 4.682 4.097 3.350
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUPl 11.019 1 11.019 2.838
Error 93.181 24 3.883
Within Subjects
Source SS df MS F P
a 51.925 1 51
. 925 18.436 0.000
a*GROUPl 0 .467 1 0.467 0.166 0.687
Error 67 . 596 24 2.816
s 24.300 1 24.300 14.810 0.001
s*GROUPl 1.322 1 1.322 0.806 0.378
Error 39.380 24 1 . 641
a*s 1 .493 1 1.493 1.762 0.197
a*s*GROUPl 0.764 1 0.764 0 . 902 0.352
Error 20.336 24 0 .847
P
0.105
G-G H-F
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CoiTected Age Group, Number of One-Handed Rotations:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
2.038 3.615 1 .'923 2.385
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 181.410 1 181.410 13.220
Error 329.330 24 13.722
Within Subjects
Source SS df MS F P
a 38.925 1 38 . 925 3.478 0.074
a*GROUP 93.386 1 93.386 8.345 0.008
Error 268.585 24 11.191
s 42.361 1 42.361 11.306 0.003
s*GROUP 25.822 1 25.822 6.892 0.015
Error 89.918 24 3.747
a*s 16.282 1 16.282 3.618 0.069
a*s*GROUP 18.667 1 18.667 4.148 0.053
Error 107.997 24 4.500
p
0.001
G-G H-F
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Corrected Age Group, Number of Two-Handed Rotations:
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
1 . 154 1
. 654 0.500 0.846
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.111 1 0 .111 0.032
Error 82.235 24 3.426
Within Subjects
Source SS df MS F P
a 13.414 1 13.414 4.210 0.051
a*GROUP 0 . 145 1 0 .145 0.045 0.833
Error 76.471 24 3.186
s 6.355 1 6.355 3.673 0 .067
s*GROUP 2.317 1 2.317 1.339 0 .259
Error 41.529 24 1.730
a*s 0.966 1 0 . 966 0 . 674 0.420
a*s*GROUP 3.928 1 3.928 2.739 0 . Ill
Error 34.418 24 1.434
p
0.859
G-G H-F
200
Corrected Age Group, Number of Hand-lo-Hand Transfers:
age=al,2, small=sl, large=s2
AlSl A1S2
5.556 5.815
A2S1 A2S2
3.407 2.815
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 366.494 1 366 .494 12 . 697
Error 721
. 635 25 28.865
Within Subjects
Source SS df MS F P
a 237 . 914 1 237.914 13.491 0.001
a* GROUP 93.469 1 93.469 5.300 0.030
Error 440.882 25 17.635
s 3.682 1 3.682 0.637 0.432
s*GROUP 112.941 1 112.941 19.532 0.000
Error 144 . 559 25 5.782
a*s 22.031 1 22.031 3.528 0.072
a*s*GROUP 97.217 1 97.217 15.566 0.001
Error 156.135 25 6.245
P
0.002
G-G H-F
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Corrected Age Group, Mouthing Time;
age=al,2, small=sl, large=s2
AlSl A1S2 A2S1 A2S2
4.508 3.750 1.814 1.772
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.513 1 0.513 0.042
Error 292 . 143 24 12 .173
Within Subjects
Source SS df MS F P
a 189.428 1 189.428 13.201 0.001
a*GROUP 62.472 1 62.472 4.353 0.048
Error 344.396 24 14.350
s 8 .796 1 8.796 4.054 0.055
s*GROUP 11.098 1 11.098 5.115 0.033
Error 52 . 074 24 2.170
a*s 1 .799 1 1.799 0 .448 0.510
a*s*GROUP 1.653 1 1 . 653 0.412 0.527
Error 96.350 24 4.015
p
0.839
G-G H-F
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APPENDIX D
ANALYSES OF VARIANCE
POSTNATAL AND CORRECTED AGE GROUPS
DUAL TRIALS
203
Postnatal Group, Number of Reaches:
age—a 1, 2, novel=pl, familiar=p2; small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
0.688 0.375 0.,452 0.498 0. 706
A2P2S1 A2P1S2 A2P2S2
0.343 0.467 0..498
Univariate and Multivariate Repeated Measures Analysis
Between Subject
Source SS df MS F
GROUP 0.002 1 0.002 0.072
Error 0.561 25 0.022
Within Subject
Source SS df MS F P
a 0.002 1 0.002 0.085 0.773
a*GROUP 0.022 1 0.022 1.204 0.283
Error 0.450 25 0.018
P 0.100 1 0.100 5.629 0.026
p*GROUP 0.017 1 0.017 0.946 0.340
Error 0.443 25 0.018
s 1.045 1 1.045 11.500 0.002
s*GROUP 0.028 1 0.028 0.308 0.584
Error 2.272 25 0.091
a*p 0.000 1 0.000 0.025 0.875
a*p*GROUP 0.014 1 0.014 0.817 0.375
Error 0.430 25 0.017
a*s 0.021 1 0.021 0.170 0.684
a*s*GROUP 0.012 1 0.012 0.099 0.756
Error 3.139 25 0.126
p*s 1.885 1 1.885 13.618 0.001
p*s*GROUP 0 .019 1 0.019 0 . 138 0.713
Error 3.461 25 0.138
a*p*s 0.001 1 0.001 0.005 0 . 942
a*p*s*GROUP 0.019 1 0.019 0.182 0.673
Error 2.660 25 0.106
p
0.791
G-G H-F
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Postnatal Group, Reaction Time:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
1.438 1.571 1.,477 1.640 0., 998
A2P2S1 A2P1S2 A2P2S2
0.815 0.937 1..008
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.204 1 0.204 0.196
Error 18 . 703 18 1.039
Within Subjects
Source SS df MS F P
a 13.763 1 13.763 13.997 0.001
a*GROUP 0 . 044 1 0 . 044 0.044 0.836
Error 17.700 18 0.983
P 0.040 1 0.040 0.033 0.858
p*GROUP 0 . 727 1 0.727 0.593 0.451
Error 22.071 18 1.226
s 0.023 1 0.023 0.025 0.877
s*GROUP 0.429 1 0.429 0.451 0.510
Error 17.114 18 0 . 951
a*p 0.007 1 0.007 0.007 0.932
a*p*GROUP 0.056 1 0.056 0.059 0.810
Error 17.085 18 0.949
a*s 0.219 1 0.219 0.284 0.600
a *s ‘GROUP 0.688 1 0 . 688 0.894 0.357
Error 13.837 18 0.769
p*s 0.431 1 0.431 0.592 0.452
p*s ‘GROUP 1.149 1 1.149 1.579 0.225
Error 13.103 18 0.728
a‘p‘s 0.101 1 0.101 0.169 0 . 686
a‘p‘s‘GROUP 0.018 1 0.018 0.031 0 . 863
Error 10.769 18 0.598
p
0.663
G-G H-F
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Postnatal Group, Movement Time:
age=al,2, novel=pl,
,
familiar=:p2, small=sl. large=s2
AIPISI
1.699
A1P2S1
1.331
A1P1S2
1.197
A1P2S2
1 . 107
A2P1S1
1 . 105
A2P2S1
1 .111
A2P1S2
0.902
A2P2S2
0.996
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.656 1 0 . 656 2.096
Error 5.628 18 0.313
Within Subjects
Source SS df MS F P
a 3.806 1 3.806 9.072 0.007
a*GROUP 0.102 1 0 . 102 0.242 0.629
Error 7 . 551 18 0.419
P 2.607 1 2 . 607 6.985 0.017
p*GROUP 0.000 1 0.000 0.000 0.986
Error 6.719 18 0.373
s 0 . 637 1 0 . 637 1.425 0.248
s*GROUP 1.477 1 1 .477 3.302 0.086
Error 8.051 18 0.447
a*p 0.425 1 0.425 1.335 0.263
a*p*GROUP 0.009 1 0.009 0.029 0 .866
Error 5.727 18 0.318
a*s 0 . 573 1 0.573 1.412 0.250
a*s*GROUP 0.285 1 0.285 0.702 0.413
Error 7 . 308 18 0.406
p*s 0 . 428 1 0.428 1.146 0.299
p*s*GROUP 0.196 1 0 .196 0.525 0.478
Error 6.719 18 0.373
a*p*s 0.008 1 0.008 0.039 0.846
a*p*s*GROUP 1.002 1 1.002 4 . 638 0.045
Error 3.887 18 0.216
206
P
. 165
G-G
Postnatal Group, Grasp Time:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
1.335 0.905 1
.
155 1.348 0,,769
A2P2S1 A2P1S2 A2P2S2
0 .698 0.734 0. 619
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.040 1 0.040 0.062
Error 12 . 312 19 0 . 648
Within Subjects
Source SS df MS F P
a 9.782 1 9.782 12.101 0.003
a* GROUP 0.119 1 0.119 0 . 147 0.706
Error 15.359 19 0.808
P 0.091 1 0.091 0.229 0.638
p*GROUP 1 . 638 1 1.638 4 . 104 0.057
Error 7.583 19 0.399
s 0 . 387 1 0.387 0.818 0.377
s*GROUP 1.779 1 1.779 3.766 0.067
Error 8 . 977 19 0.472
a*p 0.409 1 0.409 0.880 0.360
a*p*GROUP 0.399 1 0.399 0.859 0.366
Error 8 . 826 19 0.465
a*s 0 . 005 1 0.005 0.011 0.919
a*s*GROUP 0.042 1 0.042 0.086 0 . 772
Error 9.231 19 0.486
p*s 0.983 1 0 . 983 1 . 676 0.211
p*s*GROUP 1 . 348 1 1.348 2.298 0.146
Error 11 . 144 19 0 . 587
a*p*s 1 . 114 1 1 .114 3.003 0.099
a*p*s*GROUP 0 .193 1 0.193 .0.519 0 . 480
Error 7.049 19 0 . 371
p
0.806
G-G H-F
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Postnatal Group, Number of Looks:
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
1 . 992 1.444 1,,791 1.757 2. 069
A2P2S1 A2P1S2 A2P2S2
1.731 1.742 1,.850
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.633 1 0.633 0.702
Error 22.531 25 0.901
Within Subjects
Source SS df MS F P
a 1.724 1 1.724 2.070 0.163
a*GROUP 5.180 1 5.180 6.218 0.020
Error 20.824 25 0.833
P 0.071 1 0.071 0.157 0.696
p* GROUP 0.136 1 0.136 0.301 0.588
Error 11.255 25 0.450
s 2.161 1 2.161 6.297 0.019
s*GROUP 0.012 1 0.012 0.036 0.851
Error 8.578 25 0.343
a*p 0.623 1 0.623 2.483 0 . 128
a*p*GROUP 0.730 1 0.730 2 . 909 0.100
Error 6.271 25 0.251
a*s 0.358 1 0.358 1.100 0.304
a*s*GROUP 0.010 1 0.010 0.031 0.862
Error 8.139 25 0.326
p*s 3.753 1 3.753 8.697 0.007
p*s*GROUP 0.796 1 0.796 1.843 0.187
Error 10.790 25 0.432
a*p*s 0.004 1 0.004 0.014 0 . 907
a*p*s*GROUP 0.054 1 0.054 0 .190 0.667
Error 7.096 25 0.284
p
0.410
G-G
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Postnatal Group, Look Lengths:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1.S14.261 2.607 2.,811 2 . 641 3. 064
A2P1S2 A2P2S1 A2P2S2
1.941 2.056 1
,
.819
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1 . 894 1 1.894 1.282
Error 35.466 24 1.478
Within Subjects
Source SS df MS F P
a 34.476 1 34.476 19.457 0.000
a*GROUP 0.008 1 0.008 0.005 0.945
Error 42.525 24 1 .772
P 13.526 1 13.526 13.759 0.001
p*GROUP 5.023 1 5.023 5.110 0.033
Error 23.594 24 0.983
s 22.792 1 22.792 24 . 178 0.000
s*GROUP 4 . 961 1 4.961 5.262 0.031
Error 22 . 624 24 0 . 943
a*p 0.134 1 0.134 0.112 0.741
a*p*GROUP 0.159 1 0.159 0 . 133 0.718
Error 28 . 678 24 1.195
a*s 0.734 1 0.734 0.745 0.397
a*s*GROUP 0.039 1 0.039 0.040 0 . 844
Error 23.652 24 0.985
p*s 14 . 584 1 14.584 12.227 0.002
p*s*GROUP 0.650 1 0 . 650 0.545 0.468
Error 28.626 24 1.193
a*p*s 0 . 618 1 0 . 618 0 . 654 0.427
a*p*s*GROUP 0.603 1 0.603 0 . 638 0 .432
Error 22.690 24 0 . 945
p
0.269
G-G H-F
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Postnatal Group, Number of One-Handed Rotations:
age=al,2, novel=pl, tamiliar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 AlP
2.269 0.731 0.769 1
.
A2P2S1 A2P1S2 A2P2S2
0.538 1.231 1.000
Univariate and Multivariate Repeated Measures
Between Subjects
Source SS df MS
GROUP 16.290 1 16.290
Error 72
. 941 24 3.039
Within Subjects
Source SS df MS
a 1 . 158 1 1.158
a*GROUP 0.005 1 0.005
Error 85.765 24 3.574
P 3.381 1 3.381
p*GROUP 0.688 1 0 . 688
Error 80.042 24 3.335
s 15.485 1 15.485
s*GROUP 0.255 1 0.255
Error 43.765 24 1.824
a*p 11 . 924 1 11.924
a*p*GROUP 7.001 1 7.001
Error 76.807 24 3.200
a*s 1.041 1 1.041
a*s*GROUP 4 .118 1 4 .118
Error 26.209 24 1.092
p*s 20.821 1 20.821
p*s*GROUP 2.359 1 2.359
Error 64 .160 24 2.673
a*p*s 6.251 1 6.251
a*p*s*GROUP 2.866 1 2.866
Error 80.807 24 3.367
000
A2P1S1
1.385
F
5.360
0.324
0.001
1.014
0.206
3.726
2 . 187
0.953
3.771
1.856
0.851
0.574
0.972
0.324
0.654
8.492 0.008
0.140 0.712
0.065
0 . 152
0.339
0.064
7.788 0.010
0.882 0.357
0.186
0.365
P
0.029
G-G H-F
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Postnatal Group, Number of Two-Handed Rotations:
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
1.481 0 . 926 0..370 0.185 0. 889
A2P2S1 A2P1S2 A2P2S2
0 . 185 0 .481 0,. 667
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 3.809 1 3.809 1.589
Error 59.950 25 2 .398
Within Subjects
Source SS df MS F P
a 0.. 4 60 1 0.460 0.182 0.673
a*GROUP 6.016 1 6.016 2.382 0.135
Error 63.132 25 2.525
P 5.564 • 'T 5.564 1 . 975 0.172
p*GROUP 9.416 1 9.416 3.343 0.079
Error 70.418 25 2.817
s 3.148 1 3.148 2 . 156 0 . 154
s*GROUP 3.148 1 3.148 2 . 156 0 . 154
Error 36.500 25 1.460
a*p 9.035 1 9.035 4.810 0.038
a*p*GROUP 2 . 517 1 2.517 1.340 0.258
Error 46.965 25 1.879
a*s 0.211 1 0.211 0 . 114 0.739
a*s*GROUP 0 .063 1 0.063 0.034 0.855
Error 46.271 25 1.851
p*s 5.225 1 5.225 2.802 0.107
p*s*GROUP 0.039 1 0.039 0.021 0 .886
Error 46.609 25 1.864
a*p*s 1.201 1 1.201 0 . 696 0.412
a*p*s*GROUP 0 .460 1 0.460 0.267 0.610
Error 43.132 25 1.725
p
0.219
G-G H-F
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Postnatal Group, Number of Hand-to-Hand Transfers:
^ '2, novel=pl, faniiliar=p2, sniall=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
5.556 1 .815 1.593 1.852 3. 852
A2P2S1 A2P1S2 A2P2S2
1.815 1.556 1.630
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 40.800 1 40.800 4.812
Error 211.950 25 8.478
Within Subjects
Source SS df MS F P
a 4 .758 1 4.758 0.312 0.581
a*GROUP 25.203 1
. 25.203 1.652 0.210
Error 381.418 25 '
"
15.257
P 130.851 1 130.851 26.490 0.000
p*GROUP 0.074 1 0.074 0.015 0 . 904
Error 123.491 25 4.940
s 79.446 1 79.446 11.630 0.002
s*GROUP 8.298 1 8.298 1.215 0.281
Error 170.785 25 6.831
a*p 6.119 1 6.119 0.965 0.335
a*p*GROUP 0.119 1 0.119 0.019 0.892
Error 158.465 25 6.339
a*s 8.238 1 8.238 0.829 0.371
a*s*GROUP 0.460 1 0.460 0.046 0.831
Error 248.382 25 9.935
p*s 118.275 1 118.275 17 . 184 0.000
p*s*GROUP 0.016 1 0.016 0.002 0.962
Error 172.068 25 6.883
a*p*s 11.506 1 11.506 2.291 0.143
a*p*s*GROUP 0.025 1 0.025 0.005 0.945
Error 125.559 25 5.022
p
0.038
G-G H-F
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Postnatal Group, Mouthing Time:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S14.274 4
. 544 3.392 5. 012 2. 527
A2P2S1 A2P1S2 A2P2S2
2.212 1 . 775 2.456
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 348.991 1 348.991 7.441
Error 1172 .560 25 46.902
Within Subjects
Source SS df MS F P
a 247 . 131 1 247.131 11.967 0.002
a*GROUP 17.287 1 17.287 0.837 0.369
Error 516.296 • 25' •
'
20.652
P 2.064 1 2.064 0.159 0.693
p*GROUP 0.587 1 0.587 0.045 0.833
Error 324.453 25 12 . 978
s 12.624 1 12.624 2.078 0.162
s ‘GROUP 2 . 990 1 2 . 990 0.492 0.489
Error 151 . 882 25 6.075
a*p 0.202 1 0.202 0.025 0.877
a*p*GROUP 1.209 1 1.209 0.147 0.704
Error 205.178 25 8.207
a*s 4.799 1 4.799 0.510 0.482
a*s*GROUP 3.948 1 3.948 0.420 0.523
Error 235.133 25 9.405
p*s 21.248 1 21.248 1.729 0.200
p*s*GROUP 3.019 1 3.019 0.246 0.624
Error 307 . 175 25 12.287
a*p*s 1.006 1 1.006 0.117 0.735
a*p*s*GROUP 2.095 1 2.095 0.243 0 . 626
Error 215.426 25 8.617
p
0.011
G-G
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Postnatal Group, First Reaction Time;
age=al,2, novel=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1.876 1 . 363 1
,
.305 1.236 1
,
,248
A2P1S2 A2P2S1 A2P2S2
0 . 975 1 . 008 1
,
.247
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 4 . 355 1 4.355 3.936
Error 24.340 22 1.106
Within Subjects
Source SS df MS F P
a 5.096 1 ’ 5.096 3.697 0.068
a* GROUP 0.087 1 0.087 0.063 0 . 804
Error 30.330 22 1.379
P 1 . 621 1 1.621 1.288 0.269
p*GROUP 0 . 389 1 0.389 0.309 0.584
Error 27.702 22 1.259
s 0 . 539 1 0.539 0.482 0.495
s* GROUP 1.449 1 1.449 1.295 0.267
Error 24 . 606 22 1.118
a*p 1 .713 1 1.713 1.180 0.289
a*p*GROUP 0.120 1 0.120 0.083 0.777
Error 31 . 923 22 1.451
a*s 1 . 600 1 1 . 600 1.083 0.309
a*s*GROUP 1 . 917 1 1.917 1.297 0.267
Error 32.522 22 1.478
p*s 3.603 1 3 . 603 2.687 0 . 115
p*s*GROUP 1 .401 1 1 .401 1.045 0.318
Error 29.502 22 1.341
a*p*s 0.028 1 0.028 0.018 0.895
a*p*s*GROUP 1.290 1 1.290 0.803 0.380
Error 35.357 22 1 . 607
p
0.060
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Postnatal Group, Last Reaction Time:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S11.283 1 . 176 1 .147 1 . 631 0 . 858
A2P1S2 A2P2S1 A2P2S2
0.788 0.900 0.931
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 2 .767 1 2.767 3.904
Error 12.759 18 0.709
Within Subjects
Source SS df MS F P
a 9 . 177 1 9.177 7.909 0.012
a*GROUP 2.268 1 2.268 1.954 0.179
Error 20.886 18 1.160
P 0.490 1 0.490 0.342 0.566
p*GROUP 0 . 158 1 0 . 158 0.110 0 .744
Error 25.789 18 1.433
s 0.506 1 0.506 0.745 0 . 400
s*GROUP 0 . 881 1 0.881 1.296 0.270
Error 12.233 18 0.680
a*p 0 .110 1 0.110 0.206 0.655
a*p*GROUP 0.386 1 0.386 0.723 0.406
Error 9.607 18 0.534
a*s 1 . 121 1 1 . 121 1.261 0.276
a*s*GROUP 4.256 1 4.256 4.788 0.042
Error 16.001 18 0.889
p*s 2 .487 1 2.487 1.877 0.188
p*s*GROUP 6.257 1 6.257 4.721 0.043
Error 23.852 18 1.325
a*p*s 0 . 514 1 0.514 0.610 0.445
a*p*s*GROUP 0.044 1 0.044 0.052 0.822
Error 15.172 18 0.843
p
0.064
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Postnatal Group, First versus Last Reaction Times:
age=al,2, novel=pl, familiar=p2, first=l'l, last=f2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F11.493 1 . 176 1
.
280 1.631 1
,
,105
A2P1F2 A2P2F1 A2P2F2
0.788 1.201 0 . 931
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 7 . 551 1 7.551 11 .405
Error 11.918 18 0 . 662
Within Subjects
Source SS ^df MS F P
a 6.960
»
1 6.960 4.499 0.048
a*GROUP 1.313 1 1.313 0.849 0.369
Error 27.848 18 1.547
P 1.005 1 1.005 0.878 0.361
p*GROUP 1 . 635 1 1 . 635 1 . 428 0.248
Error 20 . 613 18 1 .145
f 0.782 1 0.782 0 . 628 0.439
f *GROUP 0.021 1 0.021 0.017 0.897
Error 22 . 427 18 1.246
a*p 0.026 1 0.026 0.021 0 . 887
a*p*GROUP 0.609 1 0.609 0.490 0.493
Error 22 . 372 18 1.243
a*f 2 . 102 1 2 .102 1.731 0.205
a*f *GROUP 5.872 1 5.872 4.836 0.041
Error 21 . 857 18 1.214
p* f 1 1 . 624 1.319 0.266
p*f *GROUP 0 . 681 1 0.681 0.553 0.467
Error 22.154 18 1.231
a*p* f 0.789 1 0.789 0.741 0.401
a*p*f*GROUP 0.136 1 0.136 0.128 0.725
Error 19.172 18 1.065
p
0.003
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Postnatal Group, First Movement Time;
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
1.454
A1P1S2
1.090
A1P2S1
1.306
A1P2S2
1.216
A2P1S1
1.497
A2P1S2 A2P2S1 A2P2S2
0-908 1.147 1.183
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1 . 641 1 1
.
641 1.607Error 17
. 365 17 1 . 021
Within Subjects
Source SS df MS F p
a 0 .382 1 0.,382 0 . 531 0. 476
a*GROUP 0 .230 1 0.,230 0 . 320 0. 579
Error 12 .240 17 0.,720
P 0 .011 1 0.,011 0 . 017 0. 898
p*GROUP 0 . 020 1 0.,020 0.,030 0. 864
Error 11 .269 17 0 ., 663
s 2 . 036 1 2 , 036 1
.
, 906 0. 185
s*GROUP 0 .068 1 0 , 068 0 .,064 0. 804
Error 18 . 160 17 1
.
,068
a*p 0 .027 1 0 , 027 0 ,.046 0 ., 833
a*p*GROUP 0 . 101 1 0 ,. 101 0 ., 172 0.. 684
Error 10 .013 17 0..589
a*s 0 .054 1 0 .054 0 .178 0,. 678
a*s*GROUP 0 . 104 1 0 .104 0 . 347 0 . 563
Error 5 . 109 17 0 .301
p*s 1 . 525 1 1 .525 2 .091 0 . 166
p*s*GROUP 0 . 147 1 0 .147 0 .201 0 . 659
Error 12 . 400 17 0 .729
a*p*s 0 . 645 1 0 . 645 1 .021 0 .327
a*p*s*GROUP 1 . 141 1 1 .141 1 . 806 0 .197
Error 10 .741 17 0 .632
P
0.222
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Postnatal Infants, Last Movement Time:
age=al,2, novel=pl, familiar, p2, small=sl, large=s2
AIPISI A1P1S2
1.085 1.152
A1P2S1 A1P2S2 A2P1S1
1.259 1.120 1.513
A2P1S2 A2P2S1 A2P2S2
1-030 1.232 0.931
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.451 1 0.451 1.050
Error 7.308 17 0.430
Within Subjects
Source SS df MS F P
a 0.011 1 0.011 0.017 0.897
a*GROUP 0.010 1 0.010 0.015 0.903
Error 10.847 17 0.638
P 0 . 189 1 0.189 0.296 0.594
p*GROUP 0.094 1 0.094 0 . 148 0.706
Error 10.845 17 0.638
s 1 . 333 1 1.333 3.028 0.100
s*GROUP 0.200 1 0.200 0.455 0.509
Error 7.485 17 0.440
a*p 0.325 1 0.325 0.539 0.473
a*p*GROUP 0.615 1 0 . 615
,
1.022 0.326
Error 10.234 17 0 . 602
a*s 1.300 1 1.300 1.858 0.191
a*s*GROUP 0.102 1 0 .102 0 . 145 0.708
Error 11.898 17 0.700
p*s 0 . 001 1 0.001 0.002 0.967
p*s*GROUP 0.057 1 0.057 0 .142 0.711
Error 6.841 17 0.402
a*p*s 0.345 1 0.345 0 . 615 0.444
a*p*s*GROUP 0.002 1 0.002 0.003 0.959
Error 9.552 17 0.562
P
0.320
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Postnatal Group, First versus Last Movement Times:
age=al,2, novel=pl, familiar=p2, first=t'l, last=l'2
AIPIFI
1 .454
A1P1F2
1.085
A1P2F1
1.306
A1P2F2
1.259
A2P1F1
1.497
A2P1F2
1.513
A2P2F1
1 . 147
A2P2F2
1.232
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0,,387 1 0. 387 0.350
Error 18 ,.791 17 1 . 105
Within Subjects
Source SS df MS F P
a 0 ,
. 184 1 0 . 184 0. 254 0. 621
a*GROUP 0,. 001 1 0 . 001 0. 001 0. 971
Error 12
,. 348 17 0. 726
P 0,.812 1 0.,812 1
.
068 0. 316
p*GROUP 0,.000 1 0.,000 0. 000 0. 991
Error 12,. 922 17 0 .,760
f 0 .328 1 0 ,.328 0 . 612 0. 445
f *GROUP 0 . 158 1 0 ,. 158 0.,295 0 . 594
Error 9 .114 17 0 , 536
a*p 1 . 129 1 1
,
.129 0 .,925 0,, 350
a*p*GROUP 0 . 103 1 0,. 103 0 ,.084 0.,775
Error 20 .749 17 1,.221
a*f 0 . 667 1 0 .667 1 .386 0 .255
a*f *GROUP 0 . 035 1 0 .035 0 .074 0 .789
Error 8 .173 17 0 .481
p* f 0 .193 1 0 .193 0 .373 0 .549
p*f *GROUP 0 .287 1 0 .287 0 .553 0 .467
Error 8 . 810 17 0 .518
a*p* f 0 .009 1 0 .009 0 .019 0 .892
a*p*f *GROUP 1 . 136 1 1 .136 2 . 375 0 .142
Error 8 .130 17 0 .478
P
0 . 562
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Postnatal Group, First Grasp Time:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2
1.816 1.049
A2P1S2 A2P2S1
0-812 0.800
A1P2S1 A1P2S2 A2P1S1
0-998 1.066 0.999
A2P2S2
0.524
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0 . 135 1 0 .135 0.121Error 17 .881 16 1 .118
Within Subjects
Source SS
,
df MS F p
a 6 .221 1 6 .221 3 ,.860 0
.
067
a*GROUP 0 .334 1 0 .334 0 , 208 0 . 655Error 25 .788 16 1 .612
P 1 . 968 1 1 .968 2 , 068 0 . 170p*GROUP 4 .707 1 4 .707 4 ,, 946 0. 041
Error 15 .229 16 0 . 952
s 2 .464 1 2 .464 2 ,.260 0,, 152
s*GROUP 0 . 333 1 0 .333 0 .,306 0,
, 588
Error 17 .447 16 1 .090
a*p 0 . 151 1 0 . 151 0,,148 0,.706
a*p*GROUP 0 .102 1 0 .102 0 ,. 100 0..756
Error 16 . 342 16 1 .021
a*s 0 . 027 1 0 .027 0 ,.022 0,. 884
a*s*GROUP 0 . 656 1 0 .656 0 ,. 538 0,.474
Error 19 . 527 16 1 .220
p*s 1 .224 1 1 .224 1 . 131 0 . 303
p*s*GROUP 0 .006 1 0 .006 0 .006 0 . 941
Error 17 .316 16 1 .082
a*p*s 1 . 808 1 1 .808 1 .514 0 .236
a*p*s*GROUP 0 .001 1 0 .001 0 .001 0 . 981
Error 19 . 101 16 1 .194
P
0.732
G-G
220
Postnatal Group, Last Grasp Time:
age=al,2, novel=pl, familiar=p2, small=sl
,
large=s2
AIPISI
1.411
A1P1S2
1
. 314
A1P2S1
0.981
A1P2S2
1.467
A2P1S1
0.889
A2P1S2 A2P2S1 A2P2S2
0-822 0.527 0.778
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0 . 143 1 0. 143 0 .164
Error 13 . 986 16 0. 874
Within Subjects
Source s-s • df MS F p
a 11 . 319 1 11
.
319 11
.
940 0. 003
a*GROUP 0 .895 1 0 . 895 0 . 944 0. 346
Error 15 . 167 16 0 . 948
P 0 .325 1 0 .,325 0.,261 0. 616
p*GROUP 3 .708 1 3.,708 2.,981 0. 104
Error 19 .906 16 1 ,244
s 1 .208 1 1
,
,208 1
.
,075 0.,315
s*GROUP 1 . 374 1 1
.
.374 1 .222 0,,285
Error 17 . 983 16 1
. 124
a*p 0 .096 1 0 ,.096 0 ,. 140 0..714
a*p*GROUP 0 .301 1 0 ,.301 0 ,.436 0 ,.519
Error 11 .046 16 0 ,
. 690
a*s 0 .301 1 0 .301 0 ,.217 0,. 647
a*s*GROUP 1 .228 1 1 .228 0,.887 0,. 360
Error 22 . 165 16 1 .385
p*s 2 . 981 1 2 . 981 4 .409 0,.052
p*s*GROUP 3 .385 1 3 .385 5 .005 0 .040
Error 10 . 820 16 0 .676
a*p*s 0 .376 1 0 .376 0 .412 0 .530
a*p*s*GROUP 1 .021 1 1 .021 1 . 120 0 .306
Error 14 .588 16 0 . 912
P
0.691
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Postnatal Group, First Look Length:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
5.402
A1P1S2
2.507
A1P2S1
2.373
A1P2S2
2.008
A2P1S1
3.031
A2P1S2 A2P2S1 A2P2S2
1-915 2.102 1.749
Univariate and Mul tivariate Repeated Measuires Analys is
Between Subjects
Source SS df MS F
GROUP 2 .398 1 2 . 398 0.257
Error 223 .807 24 9. 325
Within Subjects
,
Source SS df MS F P
a 38 .461 1 38. 461 4 . 860 0. 037
a*GROUP 0 .466 1 0. 466 0. 059 0. 810
Error 189 . 939 24 7 ,, 914
P 66 .267 1 66.,267 8 . 842 0. 007
p*GROUP 0 .468 1 0 , 468 0. 062 0. 805
Error 179 . 873 24 7
. 495
s 65 . 934 1 65,, 934 8 .,258 0 .,008
s*GROUP 0 .001 1 0 , 001 0 .,000 0,, 992
Error 191 . 629 24 7
,
. 985
a*p 23 . 017 1 23,.017 3., 916 0 ,.059
a*p*GROUP 4 . 149 1 4 ,.149 0 . 706 0,. 409
Error 141 .080 24 5,.878
a*s 12 . 317 1 12,.317 2 .166 0 . 154
a*s*GROUP 2 . 025 1 2 .025 0 .356 0 . 556
Error 136 .506 24 5 . 688
p*s 38 . 136 1 38 .136 6 .896 0 . 015
p*s*GROUP 2 . 902 1 2 . 902 0 .525 0 .476
Error 132 .718 24 5 .530
a*p*s 10 .037 1 10 .037 1 . 381 0 .251
a*p*s*GROUP 0 .195 1 0 .195 0 .027 0 . 871
Error 174 .419 24 7 .267
P
0.617
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Postnatal Group, Last Look Length:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
4
. 694
A1P1S2
2.197
A1P2S1
2.261
A1P2S2
2.732
A2P1S1
2.825
A2P1S2 A2P2S1 A2P2S2
2.199 1.850 2.116
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.004 1 0.004 0.001
Error 110.739 24 4.614 '
Within Subjects
Source SS df MS F P
a 20 . 604 1 20.604 6.865 0.015
a*GROUP 1 . 923 1 1 . 923 0.641 0.431
Error 72.034 24 3.001
P 11 . 035 1 11.035 3 . 625 0.069
p*GROUP 32.234 1 32.234 10.588 0.003
Error 73.066 24 3.044
s 9.968 1 9.968 2.280 0 . 144
s*GROUP 9.236 1 9.236 2 . 113 0.159
Error 104 . 925 24 4.372
a*p 4 . 152 1 4 . 152 0 . 652 0.427
a*p*GROUP 3.786 1 3.786 0.594 0.448
Error 152 . 936 24 6.372
a*s 12.395 1 12.395 3.608 0.070
a*s*GROUP 4 . 628 1 4 . 628 1.347 0.257
Error 82.444 24 3.435
p*s 26.530 1 26.530 7.555 0.011
p*s*GROUP 22 .858 1 22.858 6.509 0.018
Error 84.280 24 3.512
a*p*s 8 . 872 1 8.872 1 . 924 0.178
a*p*s*GROUP 3.595 1 3.595 0.779 0.386
Error 110 . 686 24 4 . 612
P
0.976
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Postnatal Group, First versus Last Look Lengths;
age=al,2, novel=pl, familiar=p2, first=fl, last=f2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F1
2.507 2.197 2 . 008 2.732 1
,
,915
A2P1F2 A2P2F1 A2P2F2
2 .199 1 . 749 2 .116
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 5.044 1 5.044 0.978
Error 123.785 24 5.158
Within Subjects
Source SS df MS F P
a 3.442 1 3.442 0.964 0.336
a*GROUP 4.577 1 4.577 1.282 0.269
Error 85.696 24 3.571
P 0 . 005 1 0.005 0.001 0.970
p*GROUP 0.918 1 0 . 918 0.294 0.593
Error 74 . 921 24 3 . 122
f 4.202 1 4.202 1 .863 0 . 185
f* GROUP 0.529 1 0.529 0.234 0.633
Error 54 .134 24 2.256
a*p 0.119 1 0.119 0.025 0 . 877
a*p*GROUP 7 . 390 1 7.390 1.535 0.227
Error 115.563 24 4.815
a*f 0 . 700 1 0.700 0.332 0.570
a*f*GROUP 1 . 957 1 1 . 957 0 . 927 0.345
Error 50.646 24 2 .110
p* f 3.598 1 3.598 2.196 0.151
p*f*GROUP 0.004 1 0.004 0.002 0.962
Error 39.335 24 1.639
a*p* f 1.652 1 1 . 652 0.597 0 .447
a*p*f*GROUP 1.262 1 1.262 0.456 0.506
Error 66.401 24 2.767
p
0.333
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Postnatal Group, Longest Look Length;
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI
10.395
A1P1S2
5.805
A1P2S1
6.425
A1P2S2
5.473
A2P1S1
7.742
A2P1S2 A2P2S1 A2P2S2
5.495 4.068
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS > df MS F
GROUP 7 . 687 1 7 . 687 0.785
Error 234 . 892 24 9. 787
Within Subjects
Source SS df MS F P
a 115. 378 1 115. 378 11
.
156 0. 003
a*GROUP 0 . 386 1 0. 386 0 . 037 0. 848
Error 248. 218 24 10 . 342
P 112. 097 1 112. 097 12 . 727 0. 002
p*GROUP 16. 436 1 16. 436 1. 866 0. 185
Error 211. 384 24 8.,808
s 207 .,220 1 207 ,.220 17 . 494 0. 000
s*GROUP 112
.
,168 1 112 .,168 9. 469 0. 005
Error 284 , 290 24 11
,
,845
a*p 15,,287 1 15 .287 1
.
.359 0.,255
a*p*GROUP 10., 308 1 10 .308 0 ,, 916 0,.348
Error 269., 969 24 11 .249
a*s 0,. 879 1 0 .879 0 .122 0 .730
a*s*GROUP 1 .861 1 1 .861 0 .259 0 . 616
Error 172 .787 24 7 .199
p*s 73 .743 1 73 .743 5 .499 0 .028
p*s*GROUP 8 . 611 1 8 .611 0 . 642 0 .431
Error 321 .865 24 13 .411
a*p*s 4 .419 1 4 .419 0 .449 0 .509
a*p*s*GROUP 8 .314 1 8 .314 0 .845 0 . 367
Error 236 .062 24 9 .836
P
0.384
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Postnatal Group, Number of Looks Prior to First Reach:
age=al,2, novel=pI, familiar=p2, small=sl, large=s2
AIPISI A1P1S2
1-037 1.259
A1P2S1
0.630
A1P2S2
1 .185
A2P1S1
1.630
A2P1S2 A2P2S1 A2P2S2
1-222 1.222 1.222
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1 . 635 1 1 . 635 0.434Error 94 .180 25 3. 767
Within Subjects
Source SS df MS F p
a 8 . 693 1 8 ,, 693 3.,312 0
.
081
a*GR0UP 10 . 638 1 10.
, 638 4
.,053 0. 055
Error 65 . 621 25 2,, 625
P 2 .060 1 2 ,.060 0.,858 0
.
,363
p*GROUP 0 . 300 1 0 ,.300 0 .,125 0., 727
Error 60 . 033 25 2 ,.401
s 0 .010 1 0,.010 0 .,008 0., 931
s*GROUP 8 . 510 1 8 ,.510 6.,541 0.,017
Error 32 . 527 25 1
,
.301
a*p 0 .197 1 0 .197 0 ., 142 0..709
a*p*GROUP 4 . 919 1 4 . 919 3.,558 0,.071
Error 34 .562 25 1 .382
a*s 5 .588 1 5 .588 3,.158 0,,088
a*s*GROUP 1 .014 1 1 .014 0 , 573 0.,456
Error 44 .245 25 1 .770
p*s 0 . 873 1 0 . 873 0 .436 0,.515
p*s*GROUP 2 . 150 1 2 .150 1 .075 0,.310
Error 49 . 998 25 2 .000
a*p*s 0 .046 1 0 .046 0 .020 0 .888
a*p*s*GROUP 0 . 101 1 0 . 101 0 .045 0 . 834
Error 56 . 380 25 2 .255
P
0.516
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Corrected Age Group, Number of Reaches;
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
0.711 0.382 0. 476 0.483 0. 668
A2P2S1 A2P1S2 A2P2S2
0.351 0.488 0. 460
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.001 1 0.001 0.022
Error 0 . 569 25 0.023
Within Subjects
Source SS df MS F P
a 0.027 1 0.027 1.514 0.230
a*GROUP 0 . 003 1 0.003 0.180 0.675
Error 0 .449 25 0.018
P 0.111 1 0.111 6.290 0.019
p*GROUP 0.012 1 0.012 0.705 0.409
Error 0.442 25 0.018
s 1 . 383 1 1.383 10.364 0 . 004
s*GROUP 0.000 1 0.000 0.001 0 . 970
Error 3.336 25 0 .133
a*p 0.010 1 0.010 0.581 0 . 453
a*p*GROUP 0.001 1 0.001 0.085 0.773
Error 0.437 25 0.017
a*s 0 . 002 1 0.002 0.018 0 . 894
a*s*GROUP 0.000 1 0.000 0.001 0.981
Error 2.472 25 0.099
p*s 1 .135 1 1.135 8.319 0.008
p*s*GROUP 0 . 029 1 0.029 0.210 0.650
Error 3 .411 25 0.136
a*p*s 0 . 028 1 0.028 0.212 0.650
a*p*s*GROUP 0.110 1 0.110 0.820 0.374
Error 3.352 25 0.134
p
0.883
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Corrected Age Group, Reaction Time:
age=al,2, novel=pl, familiar=p2, small=sl
,
large=s2
AIPISI
1 .153
A1P2S1
1 . 309
A1P1S2
1.209
A1P2S2
1.443
A2P1S1
1.046
A2P2S1
0.802
A2P1S2
1.079
A2P2S2
0.892
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1
.
930 1 1
.
930 2.156
Error 16. 114 18 0. 895
Within Subjects
Source SS df MS F P
a 2. 665 1 2 . 665 3. 509 0. 077
a*GROUP 3. 493 1 3. 493 4 . 601 0. 046
Error 13.. 667 18 0. 759
P 0 .,119 1 0 . 119 0. 125 0. 728
p*GROUP 0,, 502 1 0 . 502 0 . 530 0. 476
Error 17 ,, 050 18 0. 947
s 0., 080 1 0 . 080 0 .,096 0,,760
s*GROUP 1
,
, 188 1 1
.
,188 1
.
,432 0,.247
Error 14 ,, 927 18 0.,829
a*p 0 ,.009 1 0 , 009 0 .,011 0,. 917
a*p*GROUP 0 ,. 004 1 0..004 0 .005 0 . 946
Error 14 ,.039 18 0 ,.780
a*s 1.. 598 1 1 .598 2 .450 0 .135
a*s*GR0UP 0,
.
001 1 0 .001 0 .002 0 . 968
Error 11
,
.744 18 0 . 652
p*s 0,. 136 1 0 .136 0 .209 0 . 653
p*s*GROUP 0 . 615 1 0 . 615 0 .947 0 . 343
Error 11 .702 18 0 . 650
a*p*s 0 .023 1 0 .023 0 .041 0 . 841
a*p*s*GROUP 0 .367 1 0 .367 0 . 653 0 .430
Error 10 .113 18 0 .562
P
0.159
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Corrected Age Group, Movement Time:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
1
. 548 1.092 1
,
.026 1.081 1
.
041
A2P2S1 A2P1S2 A2P2S2
1.062 0.794 1 .019
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.509 1 0.509 2.238
Error 4.095 18 0.227
Within Subjects
Source SS df MS F P
a 1 .451 1 1.451 3.921 0.063
a*GROUP 0.183 1 0.183 0.494 0.491
Error 6.659 18 0.370
P 1.410 1 1.410 4.253 0.054
p*GROUP 0.192 1 0.192 0.579 0.456
Error 5.968 18 0.332
s 0.164 1 0.164 0.407 0.532
S* GROUP 0.675 1 0.675 1.676 0.212
Error 7.250 18 0.403
a*p 0.109 1 0.109 0.469 0.502
a*p*GROUP 0.050 1 0.050 0.216 0.648
Error 4.201 18 0.233
a*s 0.860 1 0.860 2.313 0.146
a*s*GROUP 0.132 1 0.132 0.355 0.559
Error 6.694 18 0.372
p*s 1.777 1 1.777 4.426 0.050
p*s*GROUP 1.258 1 1.258 3.133 0.094
Error 7.226 18 0.401
a*p*s 0.104 1 0.104 0.414 0.528
a*p*s*GROUP 0.594 1 0.594 2.371 0.141
Error 4.506 18 0.250
p
0.152
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Corrected Age Group, Grasp Time:
age=al,2, novel=pl, tamiliar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S11.137 0 . 779 0,,861 0.944 0. 751
A2P2S1 A2P1S2 A2P2S2
0.685 0.756 0.,431
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 3.505 1 3.505 9.660
Error 6.894 19 0.363
Within Subjects
Source SS df MS F P
a 2
. 986 1 2 . 986 5.308 0.033
a*GROUP 1.113 1 1.113 1 . 978 0.176
Error 10 . 689 19 0.563
P 0.317 1 0.317 1 .138 0.299
p*GROUP 0 . 172 1 0.172 0 . 616 0 .442
Error 5.297 19 0.279
s 1.069 1 1.069 2.401 0.138
s*GROUP 0.850 1 0.850 1 . 909 0 . 183
Error 8.457 19 0.445
a*p 0.055 1 0.055 0.209 0.653
a*p*GROUP 0.051 1 0.051 0 . 196 0.663
Error 4 . 964 19 0.261
a*s 0.043 1 0.043 0 . 109 0.744
a*s*GROUP 0.234 1 0.234 0.595 0.450
Error 7.462 19 0.393
p*s 0.100 1 0 . 100 0.238 0.631
p*s*GROUP 0.237 1 0.237 0.561 0.463
Error 8.011 19 0.422
a*p*s 1.240 1 1.240 3.156 0.092
a*p*s*GROUP 0.145 1 0 .145 0.369 0.551
Error 7 .464 19 0.393
p
0.006
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Corrected Age Group, Number of looks:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1
2.248 1.734
A1P1S2
1.857
A1P2S2
1.894
A2P1S1
1.805
A2P2S1 A2P1S2 A2P2S2
1-625 1.668 1.788
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1 . 901 1 1
.
901 1.412
Error 33 . 653 25 1 346
Within Subjects
Source SS df MS F p
a 2 .864 1 2 . 864 5. 053 0. 034
a*GROUP 0 . 532 1 0 . 532 0. 939 0. 342
Error 14 . 171 25 0.,567
P 0 .278 1 0,,278 0 .,670 0. 421
p*GROUP 0 .396 1 0,.396 0 ., 956 0. 338
Error 10 . 363 25 0 ,.415
s 0 .658 1 0,.658 1
,
.352 0.,256
s*GROUP 0 .300 1 0 ,.300 0 ,. 616 0 .,440
Error 12 .158 25 0 ,.486
a*p 0 . 352 1 0 .352 1
,
.115 0..301
a*p*GR0UP 0 .279 1 0 .279
.
0 .883 0.. 356
Error 7 .887 25 0 .315
a*s 0 .576 1 0 .576 1 . 973 0 ,. 172
a*s*GROUP 0 .004 1 0 .004 0 .012 0,. 912
Error 7 .296 25 0 .292
p*s 2 .794 1 2 .794 8 .493 0,. 007
p*s*GROUP 0 . 392 1 0 .392 1 .192 0,.285
Error 8 .226 25 0 .329
a*p*s 0 .248 1 0 .248 0 .465 0 .501
a*p*s*GROUP 0 .041 1 0 .041 0 .077 0 .783
Error 13 .316 25 0 .533
P
0.246
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Corrected Age, Look Lengths:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
3.917 2 . 371 2,.465 2.401 3. 103
A2P1S2 A2P2S1 A2P2S2
1
. 850 2 . 134 1
,
.530
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 4
. 682 1
.4.682 2.246
Error 50.023 24 2.084
Within Subjects
Source SS df MS F P
a 13.192 1 13.192 9.653 0.005
a*GROUP 5.436 1 5.436 3.978 0.058
Error 32.798 24 1.367
P 16.678 1 16.678 16.341 0.000
p*GROUP 3.368 1 3.368 3.300 0.082
Error 24.495 24 1.021
s 30.040 1 30.040 30.960 0.000
s*GROUP 2.312 1 2.312 2.382 0.136
Error 23.287 24 0.970
a*p 0.000 1 0.000 0.000 0.995
a*p*GROUP 0.596 1 0.596 0.489 0 .491
Error 29.210 24 1.217
a*s 0.818 1 0.818 1.025 0.321
a*s*GROUP 2.444 1 2.444 3.063 0.093
Error 19.154 24 0.798
p*s 10.407 1 10.407 8.654 0.007
p*s*GROUP 1 . 957 1 1 . 957 1 . 627 0.214
Error 28.864 24 1.203
a*p*s 1.875 1 1.875 2 . 132 0.157
a*p*s*GROUP 0.037 1 0.037 0.043 0.838
Error 21 . 108 24 0.879
232
Corrected Age, Number of One-Handed Rotations:
age=al,2, novel=pl, familiar=p2
,
small=sl
,
large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S11.538 0.731 1
,
,077 1 .192 1
.
385
A2P2S1 A2P1S2 A2P2S2
0.654 1 .192 0,. 654
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 7
. 824 1 7
. 824 3.529
Error 53.219 24 2.217
Within Subjects
Source SS df MS F P
a 1.373 1 1.373 0.521 0.477
a*GROUP 0.026 1 0.026 0.010 0.921
Error 63.209 24
. 2.634
P 0.001 1 0.001 0.000 0.987
p*GROUP 0 . 962 1 0 . 962 0.355 0.557
Error 65.042 24 2.710
s 8.334 1 8.334 6.210 0.020
s*GROUP 2.411 1 2.411 1.797 0 .193
Error 32.209 24 1.342
a*p 0.698 1 0.698 0.354 0.557
a*p*GROUP 2.698 1 2 . 698 1.369 0.254
Error 47.307 24 1.971
a*s 0.962 1 0.962 0 . 922 0.346
a*s*GROUP 0.001 1 0.001 0.001 0.978
Error 25.042 24 1.043
p*s 2.011 1 2.011 0.805 0.379
p*s*GROUP 2.588 1 2.588 1.035 0.319
Error 59.993 24 2.500
a*p*s 2.108 1 2 .108 1.044 0.317
a*p*s*GROUP 0 .416 1 0.416 0.206 0.654
Error 48.474 24 2.020
p
0.073
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Corrected Age, Number of Two-Handed Rotations:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S11.556 0.889 0,.407 0.481 0. 667
A2P2S1 A2P1S2 A2P2S2
0.444 0.556 0.,407
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 2.015 1 2.015 0.777
Error 64
. 800 25 2.592
Within Subjects
Source SS df MS F P
a 3.688 1 3.688 1.352 0.256
a*GROUP 1 .466 1 '1.4 66 0.537 0.470
Error 68.182 25 2.727
P 4.758 1 4.758 1.381 0.251
p*GROUP 10.536 1 10.536 3.057 0.093
Error 86.168 25 3.447
s 1 .133 1 1.133 0.679 0.418
s*GROUP 6.170 1 6.170 3.699 0.066
Error 41.700 25 1 . 668
a*p 3.111 1 3.111 1 . 679 0.207
a*p*GROUP 8.000 1 8.000 4.318 0.048
Error 46.315 25 1.853
a*s 0.211 1 0.211 0 . 103 0.751
a*s*GROUP 0.063 1 0.063 0.031 0.863
Error 51.271 25 2.051
p*s 1.491 1 1.491 0.793 0.382
p*s*GR0UP 0.750 1 0.750 0.399 0.533
Error 47.009 25 1 .880
a*p*s 3.038 1 3.038 1.424 0.244
a*p*s*GR0UP 4.668 1 4 . 668 2 . 188 0.152
Error 53.332 25 2.133
p
0.386
G-G H-F
234
Corrected Age Group, Number of Hand-to-Hand Transfers:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1
5.222 2.222
A1P1S2 A1P2S2 A2P1S1
1-852 2.111 3.259
A2P2S1 A2P1S2 A2P2S2
1.704 1.407 1.185
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 22.108 1 22 . 108 1.956
Error 282.512 25 11.300
Within Subjects •
Source SS df MS F P
a 44 . 968 1 44 . 968 4 . 127 0.053
a*GROUP 0.246 1 0.246 0.023 0.882
Error 272 .430 25 10.897
P 102.178 1 102.178 18.707 0.000
p*GROUP 1.122 1 1 . 122 0.205 0.654
Error 136.554 25 5.462
s 44 . 828 1 44.828 4 . 984 0.035
s*GROUP 25.995 1 25.995 2.890 0.102
Error 224 . 848 25 8.994
a*p 2.806 1 2.806 0.625 0.437
a*p*GROUP 1.306 1 1.306 0.291 0.594
Error 112.277 25 4.491
a*s 2.370 1 2.370 0.341 0.564
a*s*GROUP 0.426 1 0.426 0.061 0.807
Error 173.695 25 6.948
p*s 52.390 1 52.390 7.227 0.013
p*S*GROUP 12 . 335 1 12.335 1.702 0.204
Error 181.230 25 7.249
a*p*s 12 .116 1 12.116 2.866 0.103
a*p*s*GROUP 0.060 1 0.060 0.014 0.906
Error 105.671 25 4.227
P
0.174
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Corrected Age Group, Mouthing Time:
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P2S1 A1P1S2 A1P2S2 A2P1S1
3.200 3.705 2,.412 3.755 1
.
708
A2P2S1 A2P1S2 A2P2S2
1.478 0.755 1
,
.207
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.169 1 0.169 0.006
Error 663.870 25 26.555
Within Subjects
Source SS df MS F P
a 223.034 1 223.034 11.833 0.002
a*GROUP 11.368 1 11.368 0 . 603 0.445
Error 471.195 25 18.848
P 15.421 1 15.421 2.038 0.166
p*GROUP 2 . 972 1 2 . 972 0.393 0.537
Error 189.167 25 7.567
s 9.671 1 9.671 1.780 0.194
s*GROUP 4 .719 1 4.719 0.869 0.360
Error 135.814 25 5.433
a*p 1 . 935 1 1 . 935 0.464 0.502
a*p*GROUP 4 . 167 1 4.167 1.000 0.327
Error 104 . 188 25 4.168
a*s 5.906 1 5.906 0.930 0.344
a*s*GROUP 3.053 1 3.053 0 .481 0.494
Error 158.726 25 6.349
p*s 6.947 1 6.947 1 .196 0.285
p*s*GROUP 0.056 1 0.056 0.010 0.923
Error 145.272 25 5.811
a*p*s 0.277 1 0.277 0.037 0 . 849
a*p*s*GROUP 0.942 1 0.942 0.126 0.726
Error 187 . 115 25 7.485
p
0.937
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Corrected Age, First Reaction Time:
age=al,2,novel=pl, familiar=p2, small=sl
,
large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1 . 420 1.349 1,,180 1.261 1
.
,360
A2P1S2 A2P2S1 A2P2S2
0 .861 0.928 0,.920
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.011 1 0.011 0.009
Error 27.035 22 1.229
Within Subjects
Source SS df MS F P
a 3.591 .1 3.591 3.263 0.085
a* GROUP 0.005 1 0.005 0.004 0.950
Error 24.210 22 1.100
P 1 . 824 1 1.824 2.448 0.132
p*GROUP 0.491 1 0.491 0.659 0.425
Error 16.396 22 0.745
s 0.216 1 0.216 0.293 0.594
s*GROUP 2 . 169 1 2 .169 2.947 0 . 100
Error 16.196 22 0.736
a*p 0.179 1 0 .179 0.155 0.697
a*p*GROUP 1 . 921 1 1 . 921 1 . 665 0.210
Error 25.389 22 1.154
a*s 1.244 1 1.244 1.053 0.316
a*s*GROUP 0.992 1 0.992 0.839 0 . 370
Error 25.999 22 1.182
p*s 1 .445 1 1.445 1.470 0.238
p*s*GROUP 0.238 1 0.238 0.242 0.628
Error 21 . 636 22 0.983
a*p*s 0 .193 1 0 .193 0.148 0 . 704
a*p*s*GROUP 0.278 1 0.278 0.213 0 . 649
Error 28.753 22 1.307
p
0.926
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Corrected Age, Last Reaction Time:
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1.221 0.776 1
,
,027 1.043 0. 767
A2P1S2 A2P2S1 A2P2S2
1
. 002 0.967 0,.814
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.212 1 0.212 0.389
Error 9.834 18 0.546
Within Subjects
Source SS df MS F P
a 0.382 1 0.382 0.362 0.555
a*GROUP 0 . 819 1 0.819 0.776 0.390
Error 19.004 18 1.056
P 0.012 1 0.012 0.010 0.921
p*GROUP 1 .462 1 1.462 1 . 181 0.291
Error 22.272 18 1.237
s 0.378 1 0.378 0.537 0.473
s* GROUP 0.151 1 0 .151 0.213 0.650
Error 12.696 18 0.705
a*p 0.036 1 0.036 0.064 0.803
a*p*GROUP 0.230 1 0.230 0.408 0.531
Error 10 . 150 18 0.564
a*s 0.542 1 0.542 0.634 0 . 436
a*s*GROUP 0 . 072 1 0.072 0.084 0.775
Error 15.410 18 0.856
p*s 0 . 140 1 0 .140 0.132 0.720
p*s*GROUP 1 . 687 1 1 . 687 1 . 593 0.223
Error 19.058 18 1.059
a*p*s 1.995 1 1.995 2 . 690 0.118
a*p*s*GROUP 0.236 1 0.236 0.318 0.580
Error 13.346 18 0.741
p
0.541
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Corrected Age Group, First versus Last Reaction Times:
age=a 1 ,2, novel=p 1
.
,
familiar=p2, first=ri
,
last=l'2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F1
1.475 1.221 1.186 1.027 1
,
,249
A2P1F2 A2P2F1 A2P2F2
0.767 0.782 0.967
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.192 1 0 .192 0 .155
Error 22.373 18 1.243
Within Subjects
Source SS df MS F P
a 2.288 1 2.288 3.326 0.085
a*GROUP 1 . 654 1 1 . 654 2.404 0.138
Error 12 . 384 18 0.688
P 2.251 1 2.251 2.273 0.149
p*GROUP 2.826 1 2.826 2.853 0.108
Error 17 . 829 18 0.991
f 1.053 1 1.053 1.550 0.229
f *GROUP 0.134 1 0.134 0 .197 0.662
Error 12.221 18 0.679
a*p 0.043 1 0.043 0.039 0.847
a*p*GROUP 0.397 1 0.397 0.360 0.556
Error 19.882 18 1.105
a* f 0.025 1 0.025 0.032 0.860
a*f ‘GROUP 0 .013 1 0.013 0.016 0.900
Error 14.098 18 0.783
p* f 1.029 1 1.029 0.768 0.392
p*f*GROUP 0.683 1 0 . 683 0.510 0.484
Error 24 . 108 18 1.339
a*p* f 1 . 032 1 1.032 1.135 0.301
a*p*f ‘GROUP 0.405 1 0.405 0.445 0.513
Error 16.361 18 0 . 909
p
0.699
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Corrected Age, First Movement Time:
age=al,2, novel=pl
, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1 P2S1 A1P2S2 A2P1S11.566 0.902 1
.
127 1.200 1 . 284
A2P1S2 A2P2S1 A2P2S2
0 . 837 1.051 0. 872
Univariate and Mul tivariate Repeated Measu res Analys is
Between Subjects
Source SS df MS F
GROUP 0 .443 1 0. 443 0.514
Error 14
. 635 17 0 . 861
Within Subjects
Source SS df MS F p
a 2.152 1 2 . 152 3. 619 0. 074
a*GROUP 1.764 1 1
.
764 2. 967 0. 103
Error 10.108 17 0 . 595
P 0.355 1 0. 355 0 . 582 0. 456
p*GROUP 0.121 1 0 . 121 0 . 199 0. 662
Error 10.349 17 0 . 609
s 3.432 1 3..432 3 . 589 0 . 075
s*GROUP 0.027 1 0 , 027 0 . 029 0. 868
Error 16.255 17 0 ,.956
a*p 0.029 1 0..029 0.,050 0. 825
a*p*GROUP 0.106 1 0 .106 0 ,, 181 0., 676
Error 9.963 17 0 .586
a*s 0.011 1 0 .011 0 .032 0.,861
a*s*GROUP 0.038 1 0 .038 0 .113 0,.740
Error 5.670 17 0 .334
p*s 2 . 104 1 2 . 104 3 .258 0 . 089
p*s*GROUP 0.028 1 0 .028 0 . 044 0 . 837
Error 10.979 17 0 . 646
a*p*s 0.727 1 0 .727 1 .077 0 . 314
a*p*s*GROUP 0 . 345 1 0 .345 0 .511 0 .484
Error 11 . 471 17 0 . 675
p
0.483
G-G
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Corrected Age, Last Movement Time:
age—a 1,2, novel=pl, lamiliar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1.202 1.010 1.325 1.082 1 . 379
A2P1S2 A2P2S1 A2P2S2
0.941 1.233 0 . 638
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0 . 132 1 0.132 0.297
Error 7.579 17 0.446
Within Subjects
Source SS df MS F P
a 0 . 877 1 0.877 1.318 0.267
a*GROUP 1
. 302 1 1.302 1.956 0 .180
Error 11.309 17 0 . 665
P 0.216 1 0.216 0.346 0.564
p*GROUP 0.114 1 0 .114 0.182 0.675
Error 10.640 17 0.626
s 5.711 1 5.711 9.801 0.006
s*GROUP 0.621 1 0 . 621 1.065 0.317
Error 9.905 17 0.583
a*p 0 . 664 1 0 . 664 1.143 0.300
a*p*GROUP 0.291 1 0.291 0.500 0.489
Error 9.879 17 0.581
a*s 0.839 1 0.839 1.311 0.268
a*s*GROUP 0.009 1 0.009 0 . 014 0 . 907
Error 10 . 887 17 0.640
p*s 0.118 1 0 .118 0.326 0.576
p*s*GROUP 0.017 1 0.017 0.048 0 . 829
Error 6.173 17 0.363
a*p*s 0.168 1 0.168 0.298 0.592
a*p*s*GROUP 0 . 918 1 0.918 1 . 633 0.218
Error 9.562 17 0.562
p
0.593
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Corrected Age Group, First versus Last Movement Times:
age=al,2, novel=pl
,
familiar=p2, first=fl
,
last=f2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F1
1.632 1.889 1.516 1 .414 1 .292
A2P1F2 A2P2F1 A2P2F2
1.542 1.239 0.683
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 25.375 1 25.375 2.896
Error 201 . 538 23 8.763
Within Subjects
Source SS df MS F P
a 8.272 1 8.272 3.814 0.063
a*GROUP 0.179 1 0 .179 0.083 0.776
Error 49.881 23 2.169
P 3.277 1 3.277 1.486 0.235
p*GROUP 1.714 1 1.714 0.777 0.387
Error 50.734 23 2.206
f 0.090 1 0.090 0 . 102 0.752
f *GROUP 0.019 1 0.019 0.021 0 . 885
Error 20.348 23 0.885
a*p 0.883 1 0.883 1 . 177 0.289
a*p*GROUP 0 . 945 1 0.945 1.260 0.273
Error 17.256 23 0.750
a*f 0.258 1 0.258 0 .110 0.743
a*f*GROUP 0.261 1 0.261 0.111 0.742
Error 54.040 23 2.350
p*f 2.397 1 2.397 1.870 0.185
p*f *GROUP 0 .468 1 0.468 0.365 0.552
Error 29.469 23 1.281
a*p* f 0.199 1 0 .199 0.061 0 . 808
a*p*f*GROUP 0.363 1 0.363 0.110 0.743
Error 75.586 23 3.286
p
0.102
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Corrected Age, First Grasp Time;
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1 . 639 0.962 1
.
,006 0.812 1
.
192
A2P1S2 A2P2S1 A2P2S2
0.822 0.734 0,.424
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1.578 1 1.578 1.590
Error 15.878 16 0.992
Within Subjects
Source SS df MS F P
a 2.150 1 2.150 1.341 0.264
a*GROUP 2.580 1 2.580 1 . 610 0.223
Error 25.645 16 1 . 603
P 4.239 1 4.239 4.495 0.050
p*GROUP 2.291 1 2.291 2.429 0.139
Error 15.088 16 0 . 943
s 5.295 1 5.295 4 . 842 0.043
s*GROUP 0 . 024 1 0.024 0.022 0 . 885
Error 17.498 16 1.094
a*p 0.113 1 0.113 0.122 0.732
a*p*GROUP 1 .092 1 1.092 1 . 176 0.294
Error 14 . 853 16 0.928
a*s 0.006 1 0.006 0.007 0.936
a*s*GROUP 0.802 1 0.802 0.857 0.368
Error 14 . 984 16 0.936
p*s 0.530 1 0.530 0.549 0 .469
p*s*GROUP 0.090 1 0.090 0.093 0.764
Error 15.445 16 0.965
a*p*s 0.164 1 0 .164 0.142 0.711
a*p*s*GROUP 0.934 1 0 . 934 0.813 0.381
Error 18 . 382 16 1 .149
p
0.225
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Corrected Age Group, Last Grasp Time;
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
1 .183 1.082 0. 855 0.906 0,,731
A2P1S2 A2P2S1 A2P2S2
0 .797 0.624 0.,571
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 5.410 1 5.410 9.086
Error 9.526 16 0.595
Within Subjects
Source SS df MS F P
a 3.093 1 3.093 5.183 0.037
a* GROUP 0.435 1 0.435 0.729 0.406
Error 9.548 16 0.597
P 0.742 1 0.742 0.694 0.417
p*GROUP 2 . 671 1 2 . 671 2.499 0.133
Error 17.099 16 1.069
s 0.002 1 0.002 0.003 0.955
s*GROUP 0.001 1 0.001 0.001 0.978
Error 11 . 508 16 0.719
a*p 0.066 1 0.066 0 . 128 0.725
a*p*GROUP 0.000 1 0.000 0.001 0.979
Error 8.253 16 0.516
a*s 0.002 1 0.002 0.001 0 . 970
a*s*GROUP 0.359 1 0.359 0 . 322 0.578
Error 17.841 16 1.115
p*s 0 . 008 1 0.008 0.018 0.894
p*s*GROUP 0.042 1 0.042 0.092 0.766
Error 7.307 16 0.457
a*p*s 0.390 1 0.390 0.449 0.512
a*p*s*GROUP 1.044 1 1.044 1.202 0.289
Error 13.899 16 0.869
p
0.008
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Corrected Age, First Look Lengths:
nge—al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
4.279 2.245 2,.303 2.073 3. 449
A2P1S2 A2P2S1 A2P2S2
1 . 620 2.168 1
,
.842
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 1 . 421 1 1.421 0.134
Error 255.076 24 10.628
Within Subjects
Source SS df MS F P
a 4.236 1 4.236 0.736 0.399
a*GROUP 11.979 1 11 . 979 2.082 0.162
Error 13.8 .094 24 5.754
P 21.453 1 21.453 2 . 965 0.098
p*GROUP 7 . 980 1 7 . 980 1.103 0.304
Error 173.636 24 7.235
s 54 . 078 1 54.078 6.568 0.017
s*GROUP 0.542 1 0.542 0.066 0.800
Error 197.609 24 8.234
a*p 2 . 166 1 2.166 0.521 0.477
a*p*GROUP 1 . 661 1 1.661 0.400 0.533
Error 99.723 24 4.155
a*s 0.431 1 0.431 0.096 0.760
a*s*GROUP 7 . 526 1 7.526 1 . 672 0.208
Error 107 . 999 24 4.500
p*s 38.443 1 38.443 7.005 0.014
p*s*GROUP 2 . 987 1 2 . 987 0.544 0.468
Error 131.706 24 5.488
a*p*s 0.218 1 0.218 0.061 0.808
a*p*s*GR0UP 10.194 1 10.194 2.835 0.105
Error 86.290 24 3.595
p
0.718
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Corrected Age Group, Last Look Lengths:
age=al,2, novel=pl, familiar=p2, sniall=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
3.993 2.177 2. 072 3.006 3,,078
A2P1S2 A2P2S1 A2P2S2
2.035 1.836 1
,
, 623
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 7.153 1 7.153 1.663
Error 103.239 24 4.302
Within Subjects
Source SS df MS F P
a 15.960 1 15.960 5.335 0.030
a*GROUP 3.728 1 3.728 1.246 0.275
Error 71.797 24 2.992
P 7 . 886 1 7.886 2.079 0.162
p*GROUP 38.331 1 38.331 10.103 0.004
Error 91.053 24 3.794
s 6.474 1 6.474 1.829 0.189
s*GROUP 13.336 1 13.336 3.768 0.064
Error 84.941 24 3.539
a*p 2.051 1 2.051 0.361 0.554
a*p*GROUP 2.322 1 2.322 0.409 0.529
Error 136.408 24 5.684
a*s 2.367 1 2.367 0.751 0.395
a*s*GROUP 8 .456 1 8.456 2.682 0.115
Error 75.666 24 3.153
p*s 19.856 1 19.856 5.523 0.027
p*s*GROUP 29.983 1 29.983 8.340 0.008
Error 86.281 24 3.595
a*p*s 6.712 1 6.712 1.439 0.242
a*p*s*GROUP 5.216 1 5.216 1 .118 0.301
Error 111.962 24 4.665
p
0.210
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Corrected Age Group, First versus Last Look Lengths:
age=al,2, novel=pl, familiar=p2, first=t'l, last=f2
AIPIFI A1P1F2 A1P2F1 A1P2F2 A2P1F1
2.245 2 . 177 2,,073 3.006 1
.
620
A2P1F2 A2P2F1 A2P2F2
2.035 1 . 842 1
,
.623
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.068 1 0.068 0.017
Error 94 . 420 24 3.934
Within Subjects
Source SS df MS F P
a 17.010
. 1 17.010 5.970 0.022
a*GROUP 0.017 1 0.017 0.006 0.939
Error 68 . 385 24 2.849
P 2.586 1 2.586 0.732 0.401
p*GROUP 6.940 1 6.940 1.964 0.174
Error 84.819 24 3.534
f 4 . 159 1 4 .159 2.374 0.136
f *GROUP 0 . 513 1 0.513 0.293 0.593
Error 42.052 24 1.752
a*p 1.086 1 1.086 0.298 0.590
a*p*GROUP 1 .774 1 1.774 0.486 0.492
Error 87.539 24 3.647
a*f 1.986 1 1 . 986 0.752 0.395
a*f *GROUP 0 .718 1 0.718 0.272 0.607
Error 63.430 24 2 . 643
p* f 0.002 1 0.002 0.001 0.976
p*f *GROUP 3.682 1 3.682 2 . 108 0.159
Error 41.924 24 1.747
a*p* f 8.884 1 8.884 3.140 0.089
a*p*f ‘GROUP 0.327 1 0.327 0.116 0.737
Error 67 . 906 24 2.829
p
0.896
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Corrected Age Group, Longest Look Length:
age=al,2, novel=pl, familiar=p2, small=sl, large=s2
AIPISI A1P1S2 A1P2S1 A1P2S2 A2P1S1
9.586 4 . 874 6,.256 5.340 7 . 650
A2P1S2 A2P2S1 A2P2S2
4.017 5.070 3,.209
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 44 .812 1 44.812 4.603
Error 233.648 24 9.735
Within Subjects
Source SS df MS F P
a 101 . 761 1 101.761 14.056 0.001
a*GROUP 1.625 1 1 . 625 0.224 0.640
Error 173.751 24 7.240
P 80.725 1 80.725 9.074 0.006
p*GROUP 32.002 1 32.002 3.597 0.070
Error 213.521 24 8.897
s 270.593 1 270.593 25.250 0.000
s*GROUP 72.870 1 72.870 6.800 0.015
Error 257 . 193 24 10.716
a*p 2.585 1 2.585 0.232 0.634
a*p*GROUP 5.322 1 5.322 0.478 0.496
Error 267 . 130 24 11.130
a*s 0.477 1 0.477 0.075 0.786
a*s*GROUP 8 . 951 1 8.951 1.415 0.246
Error 151.870 24 6.328
p*s 75.257 1 75.257 7 . 608 0.011
p*s*GR0UP 8 . 104 1 8.104 0.819 0.374
Error 237 . 394 24 9.891
a*p*s 7 . 816 1 7.816 0 . 958 0.337
a*p*s*GROUP 4 .795 1 4.795 0.588 0.451
Error 195.720 24 8.155
p
0.042
G-G
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Corrected Age Group, Number of Looks Prior to First Reach:
age—a 1,2, novel=pl, familiar=p2, small=sl, large=s2
A1P2S1 A1P2S2 A2P1S1
0.963 1.222 1.111
A2P2S2
1.407
Univariate and Multivariate Repeated Measures Analysis
Between Subjects
Source SS df MS F
GROUP 0.016 1 0.016 0.004
Error 111.568 25 4.463
Within Subjects
Source SS
.
df MS F P
a 4 .445 1 4.445 1.709 0.203
a*GROUP 3.223 1 3.223 1.239 0.276
Error 65.009 25 2 . 600
P 4.228 1 4.228 2.045 0.165
p*GROUP 0.005 1 0.005 0.003 0.960
Error 51 . 671 25 2.067
s 0.769 1 0.769 0 . 679 0.418
s*GROUP 3.769 1 3.769 3.327 0.080
Error 28.315 25 1.133
a*p 2.550 1 2.550 1.691 0.205
a*p*GROUP 0.031 1 0.031 0.021 0.886
Error 37.700 25 1.508
a*s 3.932 1 3.932 2.333 0 . 139
a*s*GROUP 11 . 155 1 11.155 6.619 0.016
Error 42.132 25 1 . 685
p*s 2.418 1 2.418 1 . 173 0.289
p*s*GROUP 0.715 1 0.715 0.347 0.561
Error 51.535 25 2.061
a*p*s 0.092 1 0.092 0.031 0.863
a*p*s*GROUP 0.166 1 0.166 0.055 0.816
Error 74 . 918 25 2.997
AIPISI
1.704
A2P1S2
1 .185
A1P1S2
1.519
A2P2S1
0.778
P
0.953
G-G H-F
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APPENDIX E
ANALYSES OF VARIANCE
KINEMATIC DATA
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Single Trials: Full-Term Infants, Average Speed
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE
OVALL : GRAND MEAN
ERROR
a
ERROR
s
ERROR
as
ERROR
DF mean F tail GGI H-F
SQUARES
3043062.13235
201781.11765
SQUARE
13043062 .13235
16 12611.31985
241.30
PROB.
0.00
P P
180250.01471
119367.23529
1
16
180250.01471
7460.45221
24.16 0.00
3374.13235
82973.11765
1
16
3374 . 13235
5185.81985
0.65 0.43
11466 .01471
55031.23529
1
16
11466.01471
3439.45221
3.33 0.09
Single Trials: Full-Term Infants, Peak Speed
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
OVALL: GRAND MEAN 46079772.48529 1 4.6079772E+7 364 . 69 0.00
ERROR 2021629.76471 16 126351.86029
a 5300444.48529 15300444 . 48529 25.21 0.00
ERROR 3363772.76471 16 210235.79779
s 531001.19118 1 531001.19118 7 . 85 0.01
ERROR 1081885.05882 16 67617 . 81618
as 24131
.
,77941 1 24131,,77941 1.04 0.32
ERROR 372229,,47059 16 23264
,
.34191
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Single Trials: Full-Term Infants, Distance
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE
OVALL: GRAND MEAN
ERROR
a
ERROR
s
ERROR
as
ERROR
SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
1076042
. 88235 11076042
. 88235 266.02 0.00
64720 .11765 16 4045.00735
5364.94118 1 5364
. 94118 1.01 0.33
84643.05882 16 5290.19118
1449.94118 1 1449.94118 0.98 0.34
23646.05882 16 1477
. 87868
791.52941 1 791.52941 0.91 0.36
13969.47059 16 873.09191
Single Trials: Full-Term Infants, Path Length
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
OVALL: GRAND MEAN 3020258.25000 13020258.25000 316.83 0.00
ERROR 152523.50000 16 9532.71875
a 75444.48529 1 75444.48529 8.31 0.01
ERROR 145208.26471 16 9075.51654
s 679 . 77941 1 679.77941 0 . 14 0.71
ERROR 78636.97059 16 4914.81066
as 3750.36765 1 3750.36765 1.00 0.33
ERROR 60271.38235 16 3766.96140
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Single Trials: Full-Term Infants, Duration
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE
OVALL: GRAND MEAN
ERROR
a
ERROR
s
ERROR
as
ERROR
SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
961520.52941 1 961520.52941 371.44 0.00
41418.47059 16 2588.65441
94 .11765 1 94 .11765 0.05 0.83
32902.88235 16 2056.43015
184 .47059 1 184 .47059 0.27 0.61
11122.52941 16 695.15809
367.11765 1 367 . 11765 0.30 0.59
19779.88235 16 1236.24265
Single Trials: Full-Term Infants, Number of Speed Peaks
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
OVALL: GRAND MEAN 868 . 93951 1 868.93951 267.34 0.00
ERROR 52.00544 16 3.25034
a 38.37009 1 38.37009 15.43 0.00
ERROR 39.78346 16 2.48647
s 1 . 91789 1 1.91789 1.22 0.29
ERROR 25 .13066 16 1.57067
as 0.33041 1 0.33041 0.22 0.65
ERROR 24.39454 16 1.52466
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Single Trials: Preterm Infants, Average Speed
a=average, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE SUM OF DF MEAN F TAIL
OVALL: GRAND MEAN
SQUARES SQUARE PROB.
830592.40000 1 830592
. 40000 oCM 0.00ERROR 81219.60000 9 9024 . 40000
s 72
. 90000 1 72.90000 0.06 0.82
ERROR 11919.10000 9 1324 . 34444
a 11628.10000 1 11628 . 10000 4.82 0.06
ERROR 21705.90000 9 2411.76667
sa 78.40000 1 78.40000 0.16 0.70
ERROR 4445.60000 9 493.95556
Single Trials: Preterm Infants, Peak Speed
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
OVALL: GRAND MEAN 8803130 . 62500 18803130.62500 118.02 0.00
ERROR 671326.12500 9 74591.79167
s 1357.22500 1 1357.22500 0.02 0.88
ERROR 540019.52500 9 60002 .16944
a 83631.02500 1 83631.02500 2 .41 0 . 16
ERROR 312546.72500 9 34727 . 41389
sa 225.62500 1 225.62500 0.01 0 . 92
ERROR 214924 . 12500 9 23880 . 45833
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Single Trials: Preterm Infants, Distance
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE
OVALL : GRAND MEAN
ERROR
s
ERROR
a
ERROR
sa
ERROR
SUM OF DF MEAN F TAIL GGI
SQUARES SQUARE PROB. P
730080 .40000 1 730080 .40000 79.20 0.00
82960
. 60000 9 9217 . 84444
6002.50000 1 6002
. 50000 9.41 0.01
5738
. 50000 9 637
. 61111
4040 .10000 1 4040 . 10000 1 . 73 0.22
21051
. 90000 9 2339.10000
774 .40000 1 774 . 40000 0.67 0.44
10463.60000 9 1162
. 62222
Single Trials: Preterm Infants, Path Length
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE
OVALL: GRAND MEAN
ERROR
SUM OF
SQUARES
1701562.50000
146203.00000
DF MEAN
SQUARE
11701562.50000
9 16244.77778
F TAIL GGI
PROB. P
104.75 0.00
H-F
P
s 23814.40000 1 23814 .40000 10.46 0.01
ERROR 20487.10000 9 2276.34444
a 72.90000 1 72.90000 0.01 0.93
ERROR 70527 . 60000 9 7836.40000
sa 1537.60000 1 1537 . 60000 0.49 0.50
ERROR 27998.90000 9 3110 . 98889
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Single Trials: Preterm Infants, Duration
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE
OVALL : GRAND MEAN
ERROR
s
ERROR
a
ERROR
sa
ERROR
SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
1029126 .40000 11029126.40000 469.99 0.00
19707
. 10000 9 2189.67778
10562.50000 1 10562.50000 16.70 0.00
5692.00000 9 632.44444
12250.00000 1 12250.00000 12.26 0.01
8991 . 50000 9 999.05556
1368 . 90000 1 1368.90000 1.29 0.29
9547 . 60000 9 1060 .84444
Single Trials: Preterm Infants, Number of Speed Peaks
a=age, s=size
UNIVARIATE SUMMARY TABLE FOR DEPENDENT VARIATE
SOURCE SUM OF DF MEAN F TAIL
SQUARES SQUARE PROB.
OVALL : GRAND MEAN 600 . 93504 1 600.93504 426.54 0.00
ERROR 12 . 67976 9 1 . 40886
s 3.73321 1 3 . 73321 2.58 0.14
ERROR 13.02159 9 1 .44684
a 19.07161 1 19.07161 7 . 85 0.02
ERROR 21.87569 9 2.43063
sa 0.29584 1 0.29584 0.45 0.52
ERROR 5.90146 9 0.65572
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